
 

 

 

  

Integration of Resource, 

Distribution, and 

Transmission Planning 

Report  

 Michigan Public Service Commission Staff Report 

MI Power Grid Phase II 

May 27, 2021 



 

 

 

 



 

 

 

Acknowledgements  
The Michigan Public Service Commission staff thanks the many individual stakeholders, experts, 

presenters, and panelists that contributed to the stakeholder process and assisted this workgroup 

in its efforts. Their participation and input contributed to the topics explored and illuminated.  

A list of organizations that participated in the stakeholder process or shared their expertise with 

Michigan Public Service Commission staff is below. The list may not be comprehensive as not all 

participants shared their organizations. Thank you all for your participation.  

Participating Organizations  

 

5 Lakes Energy  

Adams Bioprocess Services  

Advanced Energy Economy  

American Council for an Energy Efficient 

Economy  

American Electric Power  

American Municipal Power  

American Transmission Company  

Association of Businesses Advocating Tariff 

Equity  

Bay City  

Biomass Committee of the Michigan 

Renewable Energy  

BM Environmental Ltd  

Brand Energy  

Center for Renewable Intergradation   

Center Point Energy  

Chart House Energy  

Citizen Utility Board of Michigan  

City of Ann Arbor  

City of Marquette   

Clark Hill (ABATE)  

Clean Grid Alliance  

Consumers Energy  

Crystal Flash  

Detroit Zoo   

Dimension Renewable Energy  

Direct Energy  

Dominion Energy  

DTE Energy  

Duke Energy  

Electric Power Research Institute  

Energy Exemplar  

Environmental Law & Policy Center  

Fraser Trebilcock (SEIA)  

Fraser Trebilcock Davis & Dunlap  

GridLab  

Guidehouse  

Hawk Utility Consulting  

Independent Power Producers Coalition of 

Michigan  

Indiana Michigan Power Company  

ITC Holdings  

Key Capture Energy  

Lawrence Berkeley National Laboratory  

Mackinac Energy Center  

Michigan Biomass Association  

Michigan Conservative Energy Forum  

Michigan Department of Environment, Great 

Lakes, & Energy  

Michigan Electric and Gas Association  

Michigan Electric Cooperative Association  

Michigan Energy Innovation Business 

council  

Michigan Environmental Council  

Michigan Environmental Justice Coalition  

Michigan Public Power Agency  

Midcontinent Independent System Operator   

Midland Cogeneration Venture  

National Renewable Energy Laboratory  

Natural Resources Defense Council  

New Energy Advisors LLC  

Next Energy  

Northern States Power Company  



 

 

 

Northwest Renewable Energy Institute  

NRG Business Solutions LLC  

NRG Curtailment Solutions  

Oakridge National Laboratory  

Pacific Northwest National Laboratory  

PJM Interconnection LLC  

Plugged In Strategies  

Public Sector Consultants  

Regulatory Assistance Project  

Renewable Energy Buyers Alliance  

Renewable Energy World  

Rivenoak Consulting  

Ruben Strategy Group  

Sierra Club  

Swansen Leadership  

Union of Concerned Scientists  

University of Chicago Law School 

(Soulardarity)  

Upper Peninsula Power Company  

Varnum LLP  

Vote Solar  

Wolverine Electric Cooperative  

Xcel Energy  

 



 

 

 

 

Contents 
Executive Summary ......................................................................................................................................................... i 

Summary of Recommendations ........................................................................................................................... ii 

Forecasting .............................................................................................................................................................. ii 

Transmission Planning ........................................................................................................................................ iii 

Value of Generation Diversity .......................................................................................................................... iii 

Alignment of Distribution Planning/IRP/Transmission Planning ....................................................... iii 

Emissions Recommendations and Environmental Justice Considerations ..................................... iv 

Introduction ....................................................................................................................................................................... 1 

Forecasting ........................................................................................................................................................................ 6 

Background and Summary ..................................................................................................................................... 6 

Discussion ..................................................................................................................................................................... 8 

Staff Recommendations and Conclusions ..................................................................................................... 18 

Transmission .................................................................................................................................................................. 20 

Background ............................................................................................................................................................... 20 

Discussion .................................................................................................................................................................. 29 

Staff Recommendations and Conclusion ....................................................................................................... 34 

Value of Generation Diversity .................................................................................................................................. 36 

Background ............................................................................................................................................................... 36 

Discussion .................................................................................................................................................................. 37 

Staff Recommendations and Conclusion ....................................................................................................... 50 

Alignment of Distribution, IRP, and Transmission Planning ........................................................................ 51 

Background ............................................................................................................................................................... 51 

Discussion .................................................................................................................................................................. 54 

Staff Recommendations and Conclusion ....................................................................................................... 59 

Emissions and Environmental Considerations .................................................................................................. 61 

Conclusion ...................................................................................................................................................................... 67 

  



 

 

 

 



 

i 

 

Executive Summary 
On October 17, 2019 the Michigan Public Service Commission (MPSC) launched MI Power Grid in 

collaboration with Governor Whitmer . MI Power Grid is a customer-focused, multi -year 

stakeholder initiative intended to ensure safe, reliable, affordable, and accessible energy resources 

for the stateõs clean energy future. The initiative is designed to maximize the benefits of the 

transition to clean, distributed energy  resources for Michigan residents and businesses. MI Power 

Grid encompasses outreach, education, and changes to utility regulation  by focusing on three 

core areas: customer engagement; integrating new technologies; and optimizing grid 

performance and investments. The MPSC maintains a dedicated website for the initiative at 

www.michigan.gov/mipowergrid . 

MI Power Grid seeks to engage a variety of stakeholders, including utilities, energy technology  

companies, customers, consumer advocates, state agencies, and others, in discussions about how 

Michigan should best adapt to the changing energy industry . Stakeholder groups are formed and 

led by MPSC Staff. This report highlights the efforts o f the Advanced Planning Phase II, Integration 

of Resource, Distribution, and Transmission Planning Workgroup. 

Under the goal of optimizing grid investments and perfo rmance, the MPSC introduced a three-

phase approach towards evaluating electric resource, distribution, and transmission 

planning. Phase I focused on electric distribution planning. It involved a through  stakeholder 

effort to provide further direction to th e three largest utilitiesõ next filing of their electric 

distribution plans in 2021. These sessions discussed a wide range of distribution planning topics 

including Non-Wires Alternatives (NWA) to traditional grid investments, Hosting Capacity Analysis 

(HCA) for consideration of Distributed Energy Resources (DERs) on the distribution system, and 

the value of resilience in relation to proposed investments.  Phase II, which is the topic of this 

report, focuses on the integration of resource, distribution, and  transmission planning. The goal 

of this report is to  evaluate alternatives that provide the best value while resulting in a more 

efficient system and lower costs for ratepayers. Finally, the Phase III workgroup will specifically 

visit the Michigan Integra ted Resource Plan Parameters (MIRPP), Filing Requirements, and 

Demand response and Energy Efficiency Studies which are each required to be reevaluated every 

five years. 

The energy landscape is rapidly changing, including the retirements of numerous fossil fuel 

generating units over the next decade, increased extreme weather events, and rapidly evolving 

DERs have challenged regulators, utilities, and stakeholders to reevaluate current energy planning 

processes with a lens toward resiliency and efficiency. Especially since the Polar Vortex of 2019, 

Michigan has needed to review the value of generation and resource diversity, and its role in 

respective planning processes. Load forecasting is the foundational building block upon which 

the utility planning system  is based, and a critical first step in determining how much and when 

resources are needed. 

http://www.michigan.gov/mipowergrid


 

ii 

 

Based on various statutory authorizations, commission orders, and regional transmission 

organizationõs jurisdictions, separate planning processes exist for distribution plans (DP), 

Integrated Resource Plans (IRPs), and transmission planning (TP). Since 2017, the Commission 

required Consumers Energy, DTE Energy, and Indiana Michigan Power to file five -year electric 

distribution plans (2/28/17 Order Case No. U-17990) on staggered timelines. Indiana Michigan 

Power have since been required to file their five-year electric distribution plan through the 

Commissionõs order in U-20147. Section 6t of Public Act 341 of 2016 (PA 341 or MCL 460) 

established that each investor-owned utility company was required to file an  IRP that looks at 

anticipated electricity needs over five, 10, and 15-year forecasts every five years, also on staggered 

timelines. Transmission planning for Michiganõs utilities occurs through respective annual 

processes at the regional transmission organization (RTO) level, through MISO (Consumers and 

DTE Electric) and PJM (Indiana Michigan Power). While separate processes exist, Michigan could 

benefit from improved efficiencies  with better  alignment among these processes. The workgroup 

reviewed these processes and offer recommendations towards improved coordination. 

The stakeholder process consisted of eight public forums held between September 2020- March 

2021. Summaries of each meeting are available in Appendix A. Multiple experts and stakeholder 

were engaged throughout the process, ranging from utility panels, experts from national 

laboratories, transmission owners (TOs), environmental, and clean energy groups. Informed by 

these meetings as well as responses to feedback request on specific topics, MPSC staff concluded 

the following recommendations towards alignment of planning processes. Finally, this report 

provides an update on coordination efforts with the Department of Environment, Great Lakes, and 

Energy (EGLE) on the inclusion of public health an environmental justice (EJ) in IRPs, as well as an 

update on emissions reporting recommendations for complying with Michiganõs goal of reducing 

carbon emissions by 28% by 2025. A summary of these recommendations is below. 

Summary of Recommendations  

Forecasting 

¶ Internal Communication  

o Create/Improve internal communication between utility departments to ensure 

forecasting methodologies, data and assumptions are aligned across the utility 

organization.  

o Forecast Consistency by illustrating  forecast alignment and provide  evidence that 

supports the Companyõs approach to maintaining consistency between forecast 

components across planning processes. 

¶ External Transparency 

o Provide forecast methodologies for all forecast components.  

o Share public sources used when available.  

o Clearly document in the filing or workpapers how forecasts have been revised from 

one case to another across all cases filed at the Commission. 
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¶ Take a componentized approach to creating all forecasts used in the IRP model, clearly 

documenting the assumptions, data and methodology used for each component.  

¶ Recommend further discussion in future distribution planning workgroups to align 

forecasting. 

Transmission Planning  

¶ Enhanced Communication  

o Facilitate information sharing between utilities and transmission owners with a 

minimum of biannual meetings.  

¶ Information Transparency  

o Use information from the most recent RTO reliability planning models when 

possible.  

o Work collaboratively with the TO and evaluate and provide results Include 

transmission related reports in filing to the extent possible.  

o Encourage Stakeholder Participation in Existing Transmission Planning Processes. 

Á Participation in RTO processes will increase awareness of regional 

initiatives, regional reliability, and broad impacts of fleet changes. 

Value of Generation Diversity  

¶ Risk Assessment  

o Stochastic risk assessment for each plan.  

o Tests resource portfolios optimized for a single future against a wide range of 

alternative future conditions.  

o More accurately values risk mitigation. 

¶ Propose deterministic scenarios to evaluate specific futures.  

¶ Utilities can still conduct their own det erministic analyses in addition to stochastic and 

prescriptive deterministic scenarios. 

¶ Box and Whisker Plots  

o Internally track state-wide generation diversity 

o Continued collaboration with stakeholders to further develop staffõs understanding 

of generation  diversity and risk assessment. 

Alignment of Distribution Planning/IRP/Transmission Planning  

¶ Increase consistency between DPs and IRPs.  

¶ Forecasting assumptions and modeling scenarios. Ƃ Results clearly feed from one plan to 

another and vice versa.  

o Timing between DP and IRP are coordinated to increase transparency. 

¶ Increase communication between all interested parties.  

o Between utilities and stakeholders through stakeholder outreach and technical 

meetings before, between and during cases.  
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o Between transmission, distribution, and resource planning organizations. Include 

evidence of these discussions in cases. 

¶ Utilities should consider aligned organizational structure. 

¶ Planning should not only align, but iteratively feed into one another:  

o DP should include a needs assessment that supports certain IRP resources.  

o Resources selected in an IRP that can provide benefit to a distribution grid should 

be tied back to locational distribution needs in the distribution plan.  

o Transmission planning should clearly align with both resource and distribution 

planning. 

 

Ultimately, distribution plans, IRPs, and transmission planning should be iterative with ample 

opportunities for stakeholder engagement throughout.  

Emissions Recommendations and Environmental Justice Considerations 

¶ Staff recommends that further consideration be given to counting market carbon during 

the Advanced Planning workgroup during Phase 3, when the draft MIRPP and IRP Filing 

Requirements are discussed. 

¶ Ongoing meetings and coordination between M PSC and EGLE technical staff, deepening 

understanding of application and review of environmental and emissions data. 

¶ Multiple presentations to MI Power Grid stakeholders as well as those members of the 

Michigan Advisory Council on Environmental Justice (MAC EJ) and Interagency Response 

Team, collecting feedback on process improvements. 

¶ Coordination and development of a list of additional environmental data requests for 

utilities to include in upcoming IRPs. 

¶ An improved coordination strategy of state agencies response to the Governorõs Executive 

Order (EO) and Executive Directive (ED) addressing environmental justice considerations.
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Introduction  
Energy laws enacted in 2016 focused on adaptable planning processes, cleaner energy supply 

resources, and ensuring that demand-side resources are on an equal playing field with supply-

side resources. Specifically, Section 6t of Public Act 341 (PA 341 or MCL 460) laid out directiona l 

guidance for rate-regulated utilities to submit Integrated Resource Plans (IRPs) to the Michigan 

Public Service Commission (MPSC or Commission) for review and approval, on five-year 

schedules.1 In its April 12, 2018 Order in Case No. U-20147, the Commission directed the three 

largest rate-regulated utilities to file electricity distribution and maintenance plans every five 

years. While transmission planning is included as a subsection of IRPs,2 transmission planning 

discussions largely take place through  the workgroups of Michiganõs Regional Transmission 

Operators (RTOs): the Midcontinent Independent System Operator  (MISO) Transmission 

Expansion Planning (MTEP) Process and the PJM Regional Transmission Expansion Plan (RTEP) 

Process. 

Following the challenging 2019 January Polar Vortex, Governor Whiter requested the Commission 

to conduct a review of the stateõs supply, engineering, and deliverability of natural gas, electricity, 

and propane. The Commission, in its September 11, 2019 Order in Case No. U-20464, accepted 

and adopted a finalized version of the report, called the Statewide Energy Assessment (SEA). In 

the SEA, the Commission made multiple  recommendations to mitigate risks for the safe and 

reliable delivery of energy.  One of the reportõs suggestions was for a more cohesive and holistic 

planning process aligning the various Distribution  Plans), Transmission Plans, and integrated 

Response Plans (IRPs). 

The Commissionõs MI Power Grid initiative directed Staff to conduct a series of stakeholder 

collaboratives examining these issues. This report seeks to draw key learnings and 

recommendations on aligning  Michiganõs utilities planning processes and to provide a basis for 

the Commissionõs further exploration into  revisions of the Michigan Integrat ed Resource Planning 

Parameters (MIRRP) and filing requirements.2
 

 

 

1 Reference to Public Acts 341 and 342 of 2016.  Docket No. U-18418 established the initial process for 

MPSC Staff and stakeholders to develop the Michigan Integrated Resource Planning Parameters and IRP 

filing requirements.   
2 Michigan Integrated Resource Planning Parameters were developed as part of the implementation of PA 

341, Sec 6t. It provides the required IRP modeling scenarios and sensitivities for rate-regulated utilities to 

use when conducting its IRP. The statute requires these modeling scenarios and sensitivities, applicable 

reliability requirements, applicable environmental rules and regulations, demand response, and energy 

waste reduction studies be re-examined every five years, or by July 2022.   
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MI Power Grid Initiative - Introduction, Objectives, and Methodology  

With an eye toward the changing landscape of the electric system, the Commission launched MI 

Power Grid. Supported by Governor Whitmer, this effort is a focused, multi-year stakeholder 

initiative to maximize the benefits of the transition to clean, distributed energy resources  for 

Michigan residents and businesses. In its October 17, 2019 Order in Case No. U-20645, the 

Commission outlined the initiativeõs three core areas of advancing Customer Engagement, 

Integrating Emerging Technologies, and Optimizing Grid Investment and Performance. Advanced 

Planning is key aspect of the Optimizing Grid Investments and Performance tranche. 

Background Orders  

The Commission charged Staff to examine the alignment of 

Michiganõs Integrated Resource/Distribution/Transmission 

Planning (Advanced Planning) efforts. Staff conducted a 

series of stakeholder meetings from September 2020 to 

March 2021. As directed by the Commission, these sessions 

addressed the following areas: 

¶ Identifying potential ways to align distribution plans 

with IRPs and examination of best practices from other 

jurisdictions, including: 

o Methodologies to develop distributed energy resource (DER) forecasts over a five 

and ten-year period; 

o Potential sources or methodologies to forecast electric vehicle (EV) penetration 

over a five and ten-year period; 

o Methodologies or frameworks to forecast the impact of the expected EV 

penetration on the load forecast over a five and ten -year period; and 

o Methodologies or frameworks to evaluate non -wires alternatives (NWAs) such as 

targeted energy waste reduction and demand response in distribution plans and 

integrated resource plans. 

¶ Identifying potential revisions to the Commission -approved IRP modeling parameters or 

the filing requirements to better accommodate transmission alternatives in IRPs in 

preparation for the next formal review  of the MIRPP expected to take place in 2022; and 

¶ Methodologies to quantify and value generation diversity in IRPs. 

In addition, the Aug 20, 2020 Order in Case No. U-20633, directed Commission Staff to:  

¶ Coordinate with the Department of Environment, Great Lakes, and Energy (EGLE) on the 

inclusion of public health and environmental justice considerations in future integrated 

resource planning cases; and 

¶ Provide a status update on actions into this docket filed no later than May 27, 2021. 

Through the workgroup efforts, Staff engaged over  20 subject matter experts that represent 

national laboratories, federal research institutions, utility  companies, transmission companies, 
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environmental  groups, various consultants, and stakeholders. Each meeting averaged four hours 

in length  and engaged stakeholders with facilitated discussion and expert presentations. 

Following most of the workgroup  presentations and discussions, Staff posted òstakeholder 

feedback requests,ó which posed additional questions requesting written feedback that expanded 

on the relevant topics explored. A summary of each meeting is available in Appendix A.  

This Staff report summarizes the entire stakeholder effort and is organized into five main 

subsections - covering Forecasting, Transmission Planning, Value of Generation Diversity, 

Alignment of IRP/Distribution Planning/Transmission Planning, and Emissions and Environmental 

Considerations. 

Each of the subsections introduces the topic by referring to applicable background statutes and 

prior  Commission orders, discusses the key topics explored by subject matter experts and 

stakeholders, and concludes with Staffõs recommendations. Many of the topics explored during 

the Advanced Planning stakeholder meetings, and contained within the report,  are expected to 

provide foundational background for  a future report later this year, which will work on building 

consensus towards revised Michigan Integrated Resource Planning Parameters (MIRPP)3 and IRP 

Filing Requirements (Filing Requirements).4 

Executive Actions 

On Sept. 24, 2021, Governor Whitmer issued a series of executive directives and orders committing 

Michigan to the U.S. Climate Alliance and directed EGLE to develop an implementation plan to 

meet the environmental goals established in the executive directive. The most immediate goal 

which pertains to the Advanced Planning workgroup was through Executive Directive 2020-10 (ED 

2020-10),5 which set a goal for Michigan to achieve a 28% reduction to economy-wide carbon 

emissions, compared to 2005 levels. 

The Commission responded to ED 2020-10 by issuing additional guidance in its Oct. 28, 2020 

Order in Case No. U-20633, instructing Staff to incorporate the following:  

¶ Include consideration of how to implement the Governorõs emission reduction goals into 

its recommendation fo r updating the utility planning process;   

¶ Present a straw proposal to the work group, to solicit alternative proposals from interest 

parties, to solicit comments from stakeholders on the proposals presented to the group, 

 

 

3 Commission order in Case No. U-18418 issued November 17, 2017, https://mi -

psc.force.com/sfc/servlet.shepherd/version/download/068t0000001UYSyAAO. 
4 December 20, 2017 Commission Order, Case No. U-15896, Exhibit A. IRP Filing Requirements, p 4. 
5 Executive Directive 2020-10,  https://www.michigan.gov/whitmer/0,9309,7-387-90499_90704-540278--,00.html, 

retrieved April 14, 2021.  

https://mi-psc.force.com/sfc/servlet.shepherd/version/download/068t0000001UYSyAAO
https://mi-psc.force.com/sfc/servlet.shepherd/version/download/068t0000001UYSyAAO
https://www.michigan.gov/whitmer/0,9309,7-387-90499_90704-540278--,00.html
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and to summarize and provide its recommendation for a final proposal for utility IRPs to 

reflect these emission goals;  

¶ Develop recommendations as to both utilities filing before updates to the MIRPP and IRP 

filing requirements are finalized, as well as those filed following the updates;  

¶ File a Staff report on recommendations no later than Dec. 15, 2020. 

The MPSC Staff Report, òEmissions Reporting Requirements for Utility IRPs,ó was filed accordingly, 

and the report and appendices are linked therein. On Feb 18, 2021, the Commission issued its 

guidance on emissions to be included in the IRPs, which is included in the Emissions and 

Environmental Considerations section of this report. 

Foundational Definitions  

When working to align planning processes, it is important to define key terms. This ensures that 

stakeholders, staff, and utilities are all able to understand one another when discussing ideas for 

aligning planning processes. For this reason, Staff has adopted the same definitions for the 

Advanced Planning as were used in Staffõs Electric Distribution Planning Stakeholder Process 

report issued April 1, 2020, which the Commission adopted in the Commissionõs August 20, 2020 

Order in U-20147. 

¶ Distributed Energy Resource  ð A source of electric power and its associated facilities that 

is connected to a distribution system. DER includes both generators and energy storage 

technologies capable of exporting active power to a distribution system.  

¶ Hosting Capacity Analysis  ð Amount of DER that can be accommodated without 

adversely impacting operational criteria, such as power quality, reliability, and safety, under 

existing grid control and operations and without requiring infrastructure upgrades.  

¶ Non -Wires Alternatives  ð An electricity grid investment or project that uses distribution 

solutions such as DER, energy waste reduction (EWR), demand response (DR), and grid 

software and controls, to defer or replace the need for distribution system upgrades.  

¶ Locational Value Assessment  ð Locational value assessment is intended to quantify the 

benefits and costs of DER, which are often locational and time varying in nature. 

Defining Resilience  
The SEA report highlighted several recommendations that pertained to  resilience. These 

included resilience recommendations for propane, gas, and electric infrastructure. When 

addressing gaps in existing planning, operational, and emergency response processes that 

present opportunities to improve safety, reliability,  and resilience, the Commission noted that, 

ò[u]nderstanding the value of resilience improvements will better inform future Commission 

decisions on investments targeting resilience improvements. Resilience, or the robustness and 
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recovery characteristics of utility infrastructure and operations, which avoid or minimize 

interruptions of service during an extraordinary and hazardous event, is a broad concept.ó6 

The topic of resilience was front and center in the Distribution Planning Stakeholder 

Process workgroup  and a session was dedicated exclusively to discussions on the topic. Two 

resiliency experts spoke at this session.  Both experts addressed resilience differently; one 

highlighted  recovery from catastrophic or extraordinary events, and the other  discussed resilience 

as avoidance of interruptions altogether.  In response to the Staff report  on distribution planning, 

the Commission addressed resilience again in its order in Case No. U-20147. In that order, the 

Commission embraced DTE Electricõs description of resilience in terms of the abil ity to restore 

power following a catastrophic event.  The Commission added to DTE Electricõs description of 

resilience, ò[t]he Commission also thinks about this term more broadly such as planning to 

mitigate more localized, high -impact outages caused by equipment issues, access limitations, or 

system configurations that inhibit timely  restoration or back-up capabilities.ó7 The 

Commission specifically highlight ed consideration of  the vulnerability of loads that would affect 

public health, safety, or security.8 The Commissionõs description again addressed both  restoration 

and avoidance of outages but added the consideration of locational vulnerability.  

Resilience was not directly addressed during  the series of work sessions in the MI Power Grid 

Advanced Planning Integration of  Resource/Distribution/Transmission Planning Workgroup ; 

however, it was inherently embedded in  conversations about aligning planning practices and 

generation diversity. Often, stakeholders commented about investments, such as DER, having 

reliability and resiliency benefits. Staff finds that reliability and resilience continue to be used 

interchangeably by many experts and stakeholders in many different forums. This makes the 

concept of resilience difficult  to differentiate from rel iability and therefore difficult  to discuss and 

value the standalone benefits of resiliency among stakeholders, utilities, and Staff. 

In this report, the Commissionõs concept of resilience, as documented in the Commission Order 

in Case No. U-20147, is assumed whenever resilience is discussed, including both restoration from 

an outage and avoidance of an outage. Staff, stakeholders, and utilities still fall short of clearly 

distinguishing between  reliability and resilience explicitly. However, Staff does find that the 

concept of resilience is measured as part of existing reliability metrics, along with additional 

metrics for Customers Experiencing Multiple  Interruptions  (CEMI) and Customers 

Experiencing Long Interruption Duration (CELID) that were recommended by Staff in the Electric 

Distribution Planning Stakeholder Process report.9  These reliability metrics specifically address 

 

 

6 Statewide Energy Assessment Final Report, https://www.michigan.gov/documents/mpsc/2019 -09-

11_SEA_Final_Report_with_Appendices_665546_7.pdf, retrieved April 2, 2021, p. 187.  
7  Commission Order in Case No. U-20147, p. 48. 
8 Id. p. 49 
9 Electric Distribution Planning Stakeholder Process report filed in Case No. U-20147, April 1, 2020, p. 32. 

https://www.michigan.gov/documents/mpsc/2019-09-11_SEA_Final_Report_with_Appendices_665546_7.pdf
https://www.michigan.gov/documents/mpsc/2019-09-11_SEA_Final_Report_with_Appendices_665546_7.pdf
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recovery and restoration from outages. Avoidance of outages is inherently measured through 

illustrating a trend  that includes fewer outages over time as infrastructure, resource, and 

technology investments are made. In fact, it may not be necessary to distinguish between 

reliability and resilience to value investment. Rather, it may be more beneficial to understand the 

attributes of reliability  investment that inherently impact localized system resiliency for vulnerable 

loads. 

As Staff continues to think through the Commissionõs direction to consider the vulnerability of 

loads and analyze the relationship between load vulnerability and resilience, two aspects of load 

vulnerability come to mind . One is related to the system and its vulnerability system attacks such 

as extreme weather or cybersecurity events. The other aspect is to consider loads that include 

vulnerable population areas where people, hospitals, etc. may be more severely impacted by 

outages. Staff notes that the EGLE has been working on an environmental justice screening tool, 

which will be discussed later in this report, that utilities could use to identify where there are 

vulnerable populations within their service territory  as one way to start to identify vulnerable loads. 

This tool would facilitate the ability to measure CEMI and CELID in these vulnerable areas. The tool 

is designed as an environmental justice screen so it may not be able to identify all loads that a 

utility considers vulnerable but may offer a starting point. Staff recommends that Staff, 

stakeholders, and regulated utilities  discuss the potentia l value that the environmental justice 

screening tool can provide when considering vulnerable populations and the use of CEMI and 

CELID metrics that could be applied as local reliability and resilience metrics to areas where 

vulnerable populations in any future distribution planning stakeholder sessions. 

Forecasting 

Background and Summary  

The load forecast is the foundational building block which  provides the basis for utility system 

planning. It is the critical first step that determines both how much and when resources will be 

needed. The use of a suboptimal load forecast  will lead to suboptimal planning. Utilities use load 

forecasts with a variety of different time horizons for a variety of different purposes. Short -term 

forecasts (sub-hourly, day ahead, etc.) are necessary for grid operation. Long-term forecasts are 

used for system planning over several years and are the focus of this workgroup.  

Fundamentally, load forecasting is the analysis of the relationship between electric load and those 

variables that affect electric load. Variables affecting electric load include economic, technological, 

regulatory, and demographic factors. Load forecasting has always been complicated, but the 

transition of utility systems towards distributed energy resources and i ncreasing amounts of 

intermittent generation magnifies that complexity. The number of variables and assumptions 

necessary to construct  an accurate forecast has increased as technologies such as electric vehicles, 

building electrification, DERs, NWAs, and behind-the-meter-resources have become more 

commercially available. Weather also has a major effect on electric load. Typically, load forecasts 

used in long term planning are based on normal weather. Ensuring a representative weather 



 

7 

 

forecast is continually more important given increasing extreme weather events10 as well as 

anticipated increases in the amount of intermittent generation serving the electric system whose 

performance is directly tied to weather conditions, such as wind and solar generation. Long-term 

load forecasts are a critical component in utility planning  functions, including a variety of 

regulatory proceedings. Examples include IRPs, distribution plans, transmission planning (at the 

RTO level), rate cases, EWR cases, power supply cost recovery cases (PSCR), renewable energy plan 

cases, capacity demonstration cases, and peak load contribution calculations (at the RTO). 

Over the past few years, the Commission has provided guidance on forecasting in several of these 

proceedings. In recent electric rate cases for both DTE Electric Company and Consumers Energy 

Company, the Commission has looked to Staff to òengage with stakeholders on the topic of EWR, 

and sales forecasting through the EWR collaborative, or other forums in the future. The topic of 

offsets to EWR savings is ripe for further analysis and discussions given the reliance on EWR as a 

resource and the importance of load forecasting accuracy to planning, reliability, and rate 

setting.ó11,12 

The Commission addressed forecasting in DTEõs Certificate of Necessity Case No. U-

18419, identifying some forecasting considerations, including òamong other things, effects of 

demand-side management, environmental limitations, planning reserve margin and system 

reliability requirements, or other legislative or societal developments that will likely impact future 

energy requirements.ó13
 

The Commission also addressed forecasting in utility distribution plan cases. 14 

òThe Commission emphasizes the importance of accurate forecasting in planning and 

investment decisions and the need to ensure best practices in forecasting methods as 

technologies and customer behavior evolve with the adoption of DERs and plug-in electric 

vehicle (PEV) charging, which may include scenario-based forecasting to account for 

uncertainties and identify least-regret solutions. Whether it is at the bulk transmission system 

or the individual distribution circuit level, the Commission believes prudent planning and 

investments will require more sophisticated forecasting approaches to develop best practices 

and mitigate risks. The Commission seeks to avoid prescribing specific methods or approaches 

in the next round of distribution plans but acknowledges that the Staffõs recommended 

dynamic approach to load forecasting with scenario analysis could help better understand and 

 

 

10 Michigan Public Service Commission. (2019, September). Michigan Statewide Energy Assessment, p. 15. 

https://www.michigan.gov/documents/mpsc/2019 -09-

11_SEA_Final_Report_with_Appendices_665546_7.pdf 
11  Commission Order in Case No. U-18255 issued April 18, 2018, p. 36. 
12 Commission Order in Case No. U-18322, March 29, 2018, p. 50. 
13 Commission Order in Case No. U-18419 issued April 27, 2018, p. 40. 
14 Commission Order in Case NO. U-20147, November 21, 2018. 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.michigan.gov%2Fdocuments%2Fmpsc%2F2019-09-11_SEA_Final_Report_with_Appendices_665546_7.pdf&data=04%7C01%7CSimpsonN3%40michigan.gov%7Cf62199b0b3644ddd2e3708d8ff60a8d8%7Cd5fb7087377742ad966a892ef47225d1%7C0%7C0%7C637540137896634698%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=0H0m8HjlvcAOnhea9CQgtMKg6dKkNT0ncO7xJZ13Yxo%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.michigan.gov%2Fdocuments%2Fmpsc%2F2019-09-11_SEA_Final_Report_with_Appendices_665546_7.pdf&data=04%7C01%7CSimpsonN3%40michigan.gov%7Cf62199b0b3644ddd2e3708d8ff60a8d8%7Cd5fb7087377742ad966a892ef47225d1%7C0%7C0%7C637540137896634698%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=0H0m8HjlvcAOnhea9CQgtMKg6dKkNT0ncO7xJZ13Yxo%3D&reserved=0
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accommodate uncertainty associated with DERs, PEV charging, and other factors. The 

Commission encourages continued discussion of forecasting methods to inform the next 

iteration of distribution plans.ó 

Discussion 

Forecasting Components  

As mentioned above, increasing complexity in the electric system has intern increased the 

complexity of load forecasting. Utility planning has traditionally been focused on serving gross 

electricity demand and energy by building, or acquiring, central ized baseload generation while 

constructing distribution and transmission infrastructure to accompany those resources. However, 

DERs and NWAs provide a new opportunity for increased reliability and affordability without the 

costs associated with traditional solutions. To adequately assess the value of these resources and 

determine the role various technologies should play in serving load, utilities must start with an 

accurate net load forecast that identifies the needs of the utilityõs system. When developing a 

forecast, the utility must clearly understand which of resources are available to the IRP model to 

serve load and which of resources are modifications to the overall load shape. In some cases, the 

same type of resource could be modeled as an adjustment to load and also as a resource available 

for the model to select to serve load . For example, distributed solar includes both customer owned 

rooftop solar which would change net load forecast  and utility owned solar connected at the 

distribution level. Customer owned solar would result in a need to adjust the load forecast based 

on anticipated adoption rates. Utility owned solar connected at the distribution level  can be input 

into the model as a resource to allow the model the ability  to select it when optimizing a resource 

solution. It is important that the utility is clear and tran sparent with their methodology and 

assumptions so stakeholders and Staff understand and can contribute to the discussion about 

methodology and assumptions . 

The net load forecast can be thought of as a gross demand and energy forecast that is then 

adjusted by several separately forecasted components. Forecasting components could include 

building electrification, electric vehicle adoption, behind -the-meter resources, existing EWR, and 

any demand side resource that is not directly controlled by the utility and  dispatched by the 

market. Within modeling processes, it is important that DERs and NWAs are treated equitably 

when compared to other resource possibilities. If DERs and NWAs are not equitably valued in 

comparison to other capacity additions, then they will continue to be incorporated into the 

resource plan as an afterthought and not fully account for the value they provide . 

The value of forecasting components separately and then aggregating them into a net load 

forecast is that it allows both a clearer understanding of the individual impact of each forecast 

component and associated assumptions on the overall forecast and provides the flexibility to 

adjust certain components individually  in various scenarios and sensitivities for further  analysis. 
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Distribute d Energy Resource Forecasts 

DER and NWA forecasts in IRP have traditionally been done with a òtop-downó and the specific 

locations of grid connection for DERs, EWR, and DR are often unknown. There is also a lack of 

specific data about the  customers and their location that are  enrolled in EWR programs. This lack 

of data contributes to the lack of understanding about  the localized benefits for DERs and NWAs 

which affects the analysis of broader grid benefits of reducing the need for add itional  capacity. 

Since the value of EWR and DR programs that can adjust load are time dependent, customers 

control the rate they are deployed and how they are used, which further adds to the com plicated 

nature of capturing data. It also reinforces the necessity for all components to be properly 

weighted when conducting long term energy forecasts, as they can provide varying level of impact 

depending on location on the grid and time of use.  

The ability  to forecast adoption rates of different DER technologies separately from one another 

is also important. The current aggregated approach for forecasting DERs, EWR, and DR does not 

allow for equitable treatment. In its August 20, 2020 Order in Case No. U-20147, the Commission 

stated it is òimportant to run sensitivities in load forecasts for distribution planning and to start 

modeling locational impacts from customer behavior (whether through plug -in electric vehicles, 

EWR, storage, solar distributed generation, DR, etc.).15
 Curt Volkman suggested during his 

presentation, on December 16, 2020, that the Commission require a series of questions to be 

answered in utilities next 5-year distribution plan to improve forecasting. 16 These questions 

include: 

1. How are they forecasting DER and NWA? 

2. How they plan to improve DER and NWA forecasting going forward?  

3. How is it incorporated in load forecasts? 

4. How they incorporate stakeholder engagement? 

Staff agrees and recommends utilities provide additionally information in future distribution plan 

cases on DER and NWA forecasting and/or modeling. Treating DERs and NWAs as resource 

options in modeling requires granular data collection at the user level for a utilityõs customer base. 

This data includes temporal load profile, location on the grid, and avoided cost calculations.  

As discussed above, analytical tools have been proposed during the MI Power Grid Advanced 

Planning stakeholder sessions to help utilities ensure consistent, accurate forecasting across the 

planning process. Tom Eckman presented that, òsystem expansion models used to estimate 

avoided costs should include all resources so the model can select them for development when 

determining impact of widespread deployment of demand flexibility .ó17 Staff agrees and 

 

 

15 Commission Order in Case No. U-20147, August 20, 2020, p. 49.  
16 MI Power Grid Advanced Planning Meeting, December 16, 2020.  
17 MI Power Grid Advanced Planning Meeting, December 16, 2020. 
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recommends that utilities explore more granular DER and NWA forecasting programs or tools for 

modeling the se specific resources. 

Electrification  

Another critical forecasting component that was discussed throughout this workgroup was 

electrification  of buildings and transportation. Assumptions about electrification was one of the 

key issues considered when determining how best to incorporate the climate goals identified by 

Governor Whitmer in ED 2020-10. Assumptions and forecasting of electrification are especially 

important when considering the Governorõs goal of economy wide carbon neutrality by 2050. 

Achieving that goal would likely require electrification of nearly all the transportation and building 

stock within the state. Assumptions about how the load and load shape would evolve will have a 

significant effect on modeling results. The IRP study period requirement in MCL 460.6t is 15 years 

which does not extend to the 2050 goal identified in ED 2020-10. However, electrification of 

transportation and buildings would need to be accelerating to reasonable achieve the target.  As 

the plans to meet the goals set forth in ED 2020-10 are determined, assumptions around 

electrification in IRP modeling can be better identified. As discussed in further detail later, the 

near-term recommendation is that utilities are consistent across planning efforts and transparent 

with stakeholders on electrification component within their load forecasts.  

Consistency  

Consistency of system-level forecasts across planning processes was one of the key themes 

identified in this workgroup. Several subject matter experts pointed towards consistency of 

system-level forecasts as a critical step toward aligning planning efforts. This idea is also discussed 

in several recent industry publications. òSystem-level DER and load forecasts are primary inputs 

to both resource planning and distribution planning. These forecasts reflect macroeconomic 

trends, policy changes, retail rates, technology advancements, and diffusion patterns.ó18 Aligning 

distribution planning with resource and transmission planning begins with consistent system 

forecasts and scenario assumptions. òAppropriate data sharing and coordination of forecasts 

between distribution, transmission, and other associated functions in electric companies will be 

important to accurately capture both macro - and micro-level drivers. Conducting future resource 

planning in this more integrated manner will also require internally consistent forecasts and 

assumptions.ó19
 

Aligning  forecasts across planning processes is complicated by the fact that the various planning 

processes may differ. The study period of a distribution plan might not be the same duration as a 

resource plan or transmission plan. The purpose of various planning processes also vary to the 

 

 

18  PNNL Next-Generation Distribution System Platform Initiative (DSPx) Modern Distribution Grid Strategy 

and Implementation Planning Guidebook p. 24-25. 
19 EPRI Developing a Framework for Integrated Energy Network Planning (IEN-P) p. 40. 
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point where required granularity of forecasts is different. Typically, distribution planning requires 

much more granular, circuit-level, load forecasts whereas resource planning can be accomplished 

with only the broader, system level load forecast. Filing schedules, and by extension, the time 

when input data is being collected, modeling is being completed, and plans are being developed 

may be different enough that the best available input data has changed. 

As a default, underlying assumptions and drivers used in system level forecasts should be 

consistent from one planning process to the next. The system-level assumptions used in the base 

forecast for an IRP should be consistent with those used in a distribution plan, for time periods 

covered by both plans, completed at roughly the same time. Scenario analysis might alter these 

assumptions and/or drivers to analyze different futures but a reference forecast in one process 

should be based on the same assumptions and drivers as the reference forecast in another 

process. 

Utility filings with the Commission should illustrate forecasting alignment and provide evidence 

that supports the Companyõs approach to maintaining consistency between forecast components 

across planning processes. As forecasts evolve, containing additional or updated data or new 

assumptions, filings should include a description of what has changed and justification for those 

changes. The relationship between forecasts used in one planning effort and subsequent planning 

efforts should be clear. 

Other relevant utility regulatory filings that use forecasts similar, or derived from, resource, 

distribution, and transmission planning (e.g., power supply cost recovery plans, EWR plans, rate 

cases, renewable energy plans, RTO Resource Adequacy Construct, RTO Peak Load Contribution, 

etc.) should use forecasts consistent with those used in recent planning processes. Utilities should 

show within these regulatory processes how the forecast is consistent with recent planning 

processes. If there are differences these should be clearly identified and justified in each of the 

respective filings. 

Forecast Time Horizons 

Michiganõs electrical system planning primarily consists of three separate planning processes: IRP 

with a 15-year planning period (at a minimum), distribution system planning through  5-

year distribution plans, and transmission planning through both the Transmission Ownerõs (TO) 

10-year assessments, as well as at MISO through its MTEP process and PJM RTEP process. There 

are also several other regulatory processes within the MPSC that are related to one or more of 

the planning processes. The type of relationship varies, however, information generated from the 

planning process is critical to the other regulatory proceeding or vice versa. Examples of these 

separate but related regulatory proceeding are mentioned in the previous section and include 

rate cases, power supply cost recovery plan and reconciliation cases, EWR plan and reconciliation 

cases, and DR reconciliation cases. The time horizon, or the length of time over which the model 

performs its analysis, of each process has impacts on the results of these processes and has the 

potential to complicate the integration of the different processes or the results together. 
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Additional timing considerations such as the assumed measure or resource life can have 

significant implications on the resulting planning solutions.  

Current Time Horizons for Planning Processes  

Each planning process is conducted and updated under timeframes established through either 

legislative or regulatory guidelines. Utilities file updates to their IRPs with the Commission at least 

every five years, as required under MCL 460.6t.20 The timing for distribution plans is established in 

Commission orders; most recently in its August 20, 2020 Order in Case No. U-20147, the 

Commission instructed Consumers Energy, DTE Electric, and Indiana Michigan Power Company to 

file their next distribution plans by September 30, 2021.21 On a regional level, MISO conducts its 

MTEP process on an annual basis; TOs participate in the MTEP planning process, and will often 

propose alternate solutions to transmission needs identified in this process.14 To inform these 

solutions, TOs conduct their own transmission system analysis and provide updates to the 

Commission Staff informally each year. Integrating these processes together is complicated by 

the differences in timing of updates to these processes. 

Due to the different objectives of each process, and the different compo nents of the electric 

system being analyzed, the modeling in each of these processes utilizes a different time horizon. 

For example, utility IRPs, which attempt to provide the optimal resource solution to meet the 

utilityõs load requirements and other performance metrics, are conducted using a 15-year time 

horizon,22 while distribution plans require a  five-year time horizon as specified in   

Case No. U-20147 but are sometimes refreshed more frequently than five years. IRPs consider 

both new resource additio ns and the retirement of existing resources, so IRP time horizons must 

allow for adequate lead times for successful unit retirement and planned replacement while also 

balancing the increasing risks associated with long-term cost and performance forecasts. 

Distribution plans are concerned with the loading on individual circuits, typically looking for 

constraints on circuits during peak load hours in the short to medium term. Like distribution 

system planning, the objective of transmission system planning is to analyze the system for 

constraints or other reliability issues during peak hours. The main difference between the two is 

that transmission planning occurs on a much larger scale, often across multiple utilityõs service 

territories.  MISO, with the collaboration of stakeholders, performs its MTEP analysis on its system 

annually. The MTEP model uses a 20-year time horizon, which allows for new transmission 

solutions to be considered, approved, and constructed given extensive time requirements for new 

transmission siting. 

 

 

20 MCL 460.6t, Section 3. 
21 Commission Order in Case No. U-20147, August 20, 2020. 
22 MCL 406.6t, Section 3. 
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Impact of Time Considerations on Data and Model Operations  

As stated in the previous section, the time horizon for each planning process is selected for each 

individual model based on the specific planning process needs and has an impact on the data 

that is available for the model. Other timing considerations can also impact the costs, benefits, 

and system operations, therefore may also impact overall process results. For example, inputs into 

the model, such as commodity price forecasts or technology cost forecasts tend to become more 

uncertain as they are projected further into the future . This, in turn , increases the risk or uncertainty 

of the model results because the future is less defined. Depending on the type of analysis, physical 

limitations of the modeling software will effectively limit the functional time  horizon. For instance, 

if an analysis is required using hourly load data, conducting this analysis over a 20-year time 

horizon becomes computationally intensive and any potential benefits to the analysis must be 

weighed against the additional costs and burden to perform this analysis. Understanding the 

impacts of the selected time horizon on both the input data available to the model, and on the 

computing power and time required helps planners make the appropriate selection given the 

unique objectives and scope of each process. 

Other timing considerations, such as the expected useful life or measure life, for certain resources 

such as EWR, can also have a significant impact on both the cost and resource mix selected by the 

model. When possible, it is important to perform analysis of resource options in whichever 

planning process allows for the full valuation of the costs and benefits the resource provides. To 

ensure that all resources are given equitable treatment, this analysis can then be used to inform 

the other planning processes with different time considerations and ensure the input data 

provided is in alignment with the analysis results. 

Forecast Granularity 

As detailed in the previous section, differences in the objectives and scope of the system analyzed 

require differences in temporal considerations when developing each processesõ forecast. The 

same is true when it comes to considerations of forecast granularity. The granularity (hourly, daily, 

monthly, yearly, etc.) of the forecasts used for load, demand, system peak, commodity prices, and 

technology adoption curves have a significant impact on the planõs costs and composition and 

must be properly selected to ensure an optimal plan. The proper level of forecast granularity is 

determined by both the f unction of the model, as well as the granularity of the available source 

data. 

As the energy sector is currently undergoing a significant change in the technologies used to 

create electricity, the tools used to measure and track this energy from source to end-use, and 

how the system utilizes this information to operate more effectively. As technologies and tools 

develop that allow for better control over when and how the system and its components operate, 

these advancements present opportunities for increased granularity in the data collected and 

available to develop planning forecasts. However, the increased role of non-traditional solutions, 

such as DERs or NWAs, in addressing the needs of the system require different planning 

techniques and tools to bette r understand and plan for their system impact. As opposed to more 
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traditional generation resource options, which are valued on the capacity and energy provided, 

alternate solutions like DERs and NWAs often provide value through other services, such as 

ancillary services, grid support, or deferment of grid investments. Properly accounting for the 

value streams of non-traditional resources often requires more granular operating data that 

provides information into how these resources function and impact the gr id on a more localized 

level. Without more granular data that can account for all the value streams of these non-

traditional resources, these resources cannot be compared equitably to traditional resources to 

address a system need. 

It is also important to have adequate visibility into how the system operates to understand points 

of constraint or other system reliability issues during times of peak demand. Traditional reliability 

metrics, such as planning reserve margin or loss of load expectation (LOLE), have been utilized for 

years by planners to ensure that the system is able to reliably meet its load obligations throughout 

the entirety of the planning horizon, often considered on an annual peak basis. As the system 

shifts away from relying on a small number of high capacity, baseload resources that are 

dispatched all hours available (as a òmust runó offer), to a large number of intermittent resources 

whose dispatch is not directly controlled, these metrics may not provide the necessary level of 

detail to r eflect the impact of this shift in system reliability. For instance, during the December 16, 

2020 stakeholder meeting, MISO presented information on its MTEP process. It detailed that while 

this shift in system resources has not resulted in a significant change to aggregate system LOLE, 

it has shifted and compressed reliability risk to a smaller number of hours. This has resulted in 

increased risk in certain hours of the day. Without adequate granularity into system operations, 

this shift in risk along with  other system trends may not be captured and therefore cannot be 

properly planned for.  

One of the major limiting factors for allowing the equitable consideration of DERs and other non -

traditional resources is the capability of the modeling software to accu rately model the operations 

and value of these resources. As discussed during the December 16th stakeholder meeting, many 

of the current capacity expansion software used are either unable to, or do not have the necessary 

data to properly model these resources. Instead, DERs and other non-traditional resource options 

are often embedded into the load forecasts; this prevents these resources from being considered 

against more traditional resource options and prevents any interactions between DERs or with 

other system resources from being captured. (will provide proper citation in next draft: Volkmann, 

s104) As DER penetration in the system increases, the opportunity for utility cost savings through 

deferment of system maintenance or replacement is only fully realized by having a DER forecast 

that accounts for both the system impacts of DER currently installed and new DER resources, 

based on the best available data. Updating the modeling software and data used will allow for the 

level of granularity necessary to perform a full analysis of these resources, but improvements to 

the current process of embedding DER impacts into the load forecast can also be made. By 

leveraging the results of other planning processes, like the five-year distribution plans, planners 

can provide a more detailed DER adoption and operations forecasts to other processes like IRPs. 

Although not equivalent to allowing the IRP to optimize its portfolio using DER and other 
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resources, this does not require significant updates to the current IRP planning process while at 

the same time providing a more robust forecast of DER adoption. 

Current Limitations and Determining Optimal Modeling Granularity   

Like timing considerations discussed previously, the different planning processes considered in 

this report have different data granularity needs depending on the planning objectives and other 

factors including scope of the system being analyzed. While oftentimes more detailed input data 

allows for the model to perform a more granular analysis, the use of this data is limited by current 

visibility into the system and/or the computational capabilities of the modeling software. 

Traditional capacity expansion models often require the aggregation of system cost and 

performance data into broader categories, such as ôtypical weeksõ or ôon-peakõ and ôoff-peakõ 

designations, due to limitations with the modelsõ capabilities. While newer modeling software can 

utilize more granular data, such as at hourly or sub-hourly time intervals, there are often functional 

limitations that prevent these data from being fully utilized in all planning processes where they 

apply. These limitations require an understanding of the value and cost of using more granular 

data when making forecast considerations. 

Modeling the operations of  a system heavily reliant on baseload fossil-fueled generation 

resources is relatively simple; due to time and expense requirements to ramp up and ramp down 

these resources, they are often assumed to run non-stop when available. This allows for dispatch 

decisions to be made using less precise time intervals without adversely impacting the accuracy 

of the model. As intermittent and distributed resources make up a larger share of the systemõs 

energy supply, increasing the granularity of the time intervals used in the system model allows it 

to be more responsive to an evolving energy system. However, the benefits of using more granular 

time intervals in the model are only fully realized as the input data that is supplied to the model 

reflects an equivalent level of granularity. When considering appropriate time intervals for 

planning processes the capabilities of the software and the granularity of the available input data 

help to inform the value of performing a more granular analysis.  

In general, for processes which are longer-term in nature, such as IRPs, there are more limited use 

cases where increasing the modelõs granularity is both feasible and will provide value. Since IRPs 

in Michigan assess a companyõs energy and capacity position over a 15-year time horizon, it 

becomes computationally intensive to increase the granularity of the model. At the same time, 

the value of this increased granularity is limited to those time intervals where the model is deciding 

to either dispatch, retire, or add a new resource, and by the modelõs ability to consider all value 

streams of non-traditional and intermittent resources. For shorter -term planning processes 

like five-year distribution plans, increasing granularity can have a more significant impact on the 

results of the model. In the case of five-year distribution plans, the planning process seeks to 

analyze individual circuits to determine whether constraints or reliability issues exist during peak 

hours. Getting the most value out of this analysis requires insight into not only how individual 

resources operate at each time interval, but also how the system and individual circuits are 

operating at that same time. This granular visibility becomes even more critical as DERs and other 
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customer-owned resources are connected to the circuit and these impacts become more varied 

across the system. This type of analysis has not been historically performed, as the requisite 

information has been unavailable or uncollected by the distribution planners. However, recent 

advancements in tools and techniques, such as Consumerõs newly developed CYME tool, allow for 

this information to begin to be incorporated into the different planning processes.  

Future Improvement Opportunities Using Nascent Approaches & Tools  

Previous sections discussed both the need for and current limitations in incorporating more 

granular data, including input forecasts, into the different planning processes. Software and 

techniques used historically for system planning are rapidly becoming inadequate to model the 

system as it shifts away from traditional, baseload driven generation to include more DERs and 

other intermittent resources. While some of the software and other tools used for this planning 

have been updated or replaced by utilities, oftentimes these new too ls are used in a way that 

limits their ability to model the system. The evolution of planning processes to accommodate the 

changing electric system presents opportunities for utilities to improve the input forecasts used, 

either by incorporating new tools and techniques, or by better utilizing existing data to inform 

these forecasts. 

One way to improve the granularity of the model is to ensure that data used in modeling is the 

most detailed and up to date data available and applicable to the planning proces s. As the 

penetration of DERs and other customer owned resources have increased utilities have begun 

installing technologies, such as advanced metering infrastructure (AMI), that allow for greater 

visibility into individual customersõ energy usage. Technologies like AMI not only give the utility 

insight into how the system operates down to the circuit level, but eventually can be utilized to 

allow more demand side management or control options that provide even greater flexibility for 

planning. One way in which AMI data can be used to improve the forecasting process is through 

the development of a hosting capacity analysis. Developing the capability to perform this type of 

analysis and providing the results of this analysis to the public will not only improv e the ability for 

customers and project developers to work with the utility to site new DERs but will also provide a 

more accurate forecast of the capacity to implement DERs and other NWAs on the system. 

Additional software and techniques to address the changing dynamics in these planning 

processes are regularly developed by both private and public research institutions, and some of 

the tools in development were discussed during the stakeholder meetings for this workgroup. 

Planners should continue to investigate the applicability of these different tools and techniques 

to the planning processes, as this workgroup continues to refine the IRP filing requirements and 

MIRPP in the future. 

Transparency 

In Michigan, each utility develops forecasts for their IRP that are tailored specifically to their 

individual service territory and developed independently of one another. Their methodology is 

complex, data intensive, and differs from one utility to the next due to their different business 

models, service territories, and customer profiles. Tailoring a scenario to a utilityõs specific need 
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can often require combining different public or private forecasts to develop a more accurate 

methodology. Commonly used sources include U.S. Energy Information Administration (EIA), 

National Renewable Energy Laboratory (NREL), Lazard, Electric Power Research Institute, IHS 

Markit, Moodyõs Analytics, University of Michigan Economic Forecast, Itron, etc. It cannot be 

understated how critical accurate sources of data are for the planning process. A growing focus 

on implementing EWR and DERs, more specifically behind-the-meter generation, DR, can further 

complicate forecasting in IRPs. 

The three current scenarios in the IRP, as required by the MIRPP, are Business as Usual, Emerging 

Technologies, and Environmental Policy. These scenarios are developed by aligning technology 

costs, fuel price assumptions, environmental assumptions and Michigan fleet retirement and 

addition assumptions, making it difficult to find a single, pub licly available source that include all 

these requirements. 

There are strengths and weaknesses, based on different perspectives, to the use of private vs. 

public sources. From a regulatory perspective, a disadvantage to utilities using propriety resources 

is the inability for regulators and stakeholders to critically examine the assumptions, techniques, 

and results of the load forecast. Staff is also unable to replicate utility forecasts during the IRP 

review process due to the use of proprietary informatio n. For utilities, the benefit of having the 

flexibility to assess all resources, public and private, is that they are then able to determine the 

most accurate forecast based on need and fit. A study conducted by Ernest Orlando of Lawrence 

Berkeley National Laboratory in 2016 analyzed forecasting methods for 12 Western U.S. utilities 

and found that òplanners should consider supplementing third-party forecasts or conducting 

alternative economic forecasting to minimize forecasting error that can be attributed to outside 

parties.ó23 Forecasts that are accurate are best for everyone; it prevents utilities from overspending 

and customers from overpaying. 

In a December 16th, 2020 MI Power Grid Advanced Planning meeting, participating utilities were 

asked to provide feedback to questions asked by Staff. These requests included feedback on 

recommended publicly available data sources that should be used for capacity, energy, 

technology, and fuel price forecasts, and any other collaborative ways to develop forecasts that 

could be used by all Michigan utilities filing an IRP. In this feedback, all utilities maintained that 

continuing with flexibility and stakeholder input will res ult in the most accurate forecasts. They 

argue that technology and fuel forecasts should be guided by the intent and purpose of the 

scenario in non-reference cases. Regarding energy price forecasts, there was a concern that no 

publicly available sources for energy price incorporate the specific MIRPP requirements: 

technology costs, fuel price assumptions, environmental assumptions, Michigan fleet retirement, 

 

 

23 Ernest Orlando Lawrence Berkeley National Laboratory. (2016, October). Load Forecasting in Electric 

Utility Integrated Resource Planning, p. 48. https://eta-publications.lbl.gov/sites/default/files/lbnl-1006395.pdf. 

https://eta-publications.lbl.gov/sites/default/files/lbnl-1006395.pdf
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and additional assumptions. Capacity prices will be different for each utility and thus utilities do  

not feel using a publicly available capacity price forecast will be of value (if one even exists). 

Another point where all utilities agree is that it is important that, no matter what resource, the 

most recent version available is used. 

In the feedback, some utilities mentioned sources that they currently use but none have 

recommendations for publicly available sources for capacity, energy, technology, or fuel price 

forecasts. Either they were unaware of any that would be valuable, or they preferred their current 

source flexibility. 

There is a concern that an overreliance on a single source, private or public, could lead to 

forecasting errors that over-estimate load growth. If Staff were to recommend public sources that 

increased transparency but resulted in overreliance, it could result in an inaccurate forecast with 

economic, reliability, and resiliency concerns. 

The largest value of limiting the data available for utility forecasts to public sources would be in 

providing consistency and transparency. However, if this results in a less accurate forecast, this 

would be a disservice to the process. The varying filing dates of IRPs from each utility also provides 

another challenge to recommending specific sources with the risk of inconsistent data as these 

sources are updated over time. Michigan is not alone in entrusting the utility will produce accurate 

forecasts for modeling. California is the only state in the U.S. whose public utilities code explicitly 

state that forecasting models be validated. 

Staff agrees that increased stakeholder collaboration on forecasting methodology provides a level 

of transparency that is beneficial to the IRP process by bringing together voices that offer diverse 

perspectives and a broader understanding. A challenge common with both transmission-level and 

distribution level modeling is, as Brady Cowiestoll pointed out during the December 16 , 

2020 meeting, very few models are public and thus cannot receive stakeholder feedback. Some 

public sources that Staff recommends the Commission require is using NREL for technology costs 

and EIA for price forecasting. Since it is in the utilityõs best interest to provide an accurate forecast 

for energy and capacity procurement, there is some level of self-regulation via economic 

consequence present for all parties involved. Given that we have multijurisdictional utilities in 

Michigan, suggesting a Michigan only technology forecast for all utilitiesõ IRP development is not 

recommended. Therefore, Staff finds a prescriptive approach on what data sources are used would 

serve as a limiting measure rather than one that promotes necessary flexibility and advanced 

development. 

Staff Recommendations and Conclusions  

Forecast Components 

Utilities should take a component or modular approach to forecasting. Key components should 

include: 

¶ Gross demand and energy forecast; 
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¶ Gross load shape; 

¶ Load shapes for EWR, DR and other load modifying resources that are not being modeled 

as resources. Examples could include already implemented EWR or EWR achieved outside 

of utility EWR programs; 

¶ EV adoption and charging profiles; 

¶ Behind-the-meter resources and DER forecasts that include customer owned photovoltaic 

and storage. 

Utilizing this approach allows for a clearer understanding of various components impacts on net 

load forecast. It also allows adjustment of specific forecast components (while leaving others 

unchanged) for certain scenario, sensitivity, or risk analysis efforts. When applicable, system level 

forecast components should maintain consistency across planning processes. Deviations should 

be explained within utility filings.  

Forecast Consistency 
Forecast Alignment/Coordinated across resource, distribution, and transmission planning 

efforts. Clear relationship (handshake or link) between forecasts used in one planning effort to 

those used in subsequent efforts. Base forecasts should include consistent assumptions and 

drivers. Scenarios might alter these assumptions and/or drivers to generate separate load 

forecasts certain scenario analysis. Scenarios should be based of consistent and reasonably 

aligned assumptions. If applicable, scenarios evaluating same future across different plans should 

also have consistent assumptions and drivers. 

Other relevant utility functions (MPSC power supply cost recovery, MISO capacity costs) should 

also be consistent with planning forecasts when applicable. Staff recognizes that a forecast is a 

snapshot in time, and it will change in the future. As forecasts change, utilities should provide 

clear details on how the forecast has changed as well as an explanation on why the forecast has 

changed. This should be done from one case to the next, always referencing back to the most 

recent, previously filed case forecast vs the current filing in question. This provides a tracible 

relationship from one planning process and one case to another throughout the many that are 

filed with the Commission. 

When possible, input forecasts should provide the necessary level of granularity to capture all 

value and cost streams of the resources being considered in the planning process. Depending on 

the specific planning process considered and due to limitations in available data and 

computational capacity, some input forecasts may not be adequately developed in specific 

processes. In this instance, utilities should take every effort to utilize the appropriate input 

forecasts from other planning processes which are able to develop these forecasts using the 

necessary level of detail, adjusted to allow for use in the current planning process. 

External Transparency 

Provide visibility into forecasting process so that stakeholders can understand utilityõs forecasting 

process (and be convinced all the above is occurring). Encourage use of publicly available data 
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sources but allow utilities flexibility to use data  available to them to generate the most accurate 

forecast for each process. This is not a suggestion to be overly prescriptive (utilities are different, 

not one size fits all, accuracy is important), however it is important to maintain transparency and 

consistency where appropriate. 

Staff and stakeholders should have visibility into forecasting methodology and changes/evolution 

of forecast from one plan to the next (for example, from IRP to subsequent IRP or from IRP to 

transmission planning to distribution planning to IRP). Forecast inconsistencies from one process 

to the next should be identified and justified. If anything has been changed, it should be 

explained.  Forecasts should be synchronized or reconciled from process to process. 

Understanding that different processes and utility functions call for forecasts with different time 

horizons and granularity.  Relationships, where they exist or why they do not, should be clear. 

To increase forecasting alignment between distribution plans and IRP s, utilities 

should include the following in distribution plans:  
¶ Assessment of historical forecast accuracy using statistical measures such as mean 

absolute percentage error. 

¶ Perform a resource needs assessment for consideration in distribution planning efforts. 

¶ Use scenario analysis within distribution plans (using scenarios aligned with IRP scenarios). 

¶ Improved stakeholder communication (distribution plan technical conferences with 

stakeholders prior to filings). 

¶ Align assumptions between planning processes: 

o DERs 

o NWAs 

o EVs 

o Electrification 

Transmission 

Background  

Relevant Transmission Orders 

The passage of PA 341 initiated the current IRP regime and requirements that transmission 

options be assessed when considering capacity expansion. 24  In addition, PA 341 modified existing 

Certificate of Need requirements. These requirements included a mandate to analyze transmission 

options.  25  The Commission last updated the Certificate of Need filling requirement on May 11, 

2017. These requirements state that such a filing must consider transmission interconnection costs 

 

 

24 MCL460.6t, Section 5,(h) and (j). 
25 MCL460.6s, Section 4(d) and Section 11(g). 
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and include any transmission interconnection study or required transmission modification to 

interconnect the facility.26
 

DTE Electric was the first utility to file under the new Certificate of Need requirements. Some 

stakeholders thought that DTEõs filing in Case No. U-18419 should be evaluated under the new 

IRP law and IRP filing requirements. The Commission disagreed, stating that the filing was made 

before the updated IRP filing requirements were finalized.27 Nevertheless, the Commission did 

comment on the transmission analysis put forward by DTE Electric in Case No. U-18419, finding it 

unnecessarily weak. It ordered the subsequent DTE Electric IRP, to be filed under the updated 

requirements, to have a more robust transmission analysis and that the company should work 

more closely with TOs to explore transmission solutions.28 During the course of Case No. U-18419, 

the Commission finalized the filling requirements for IRPs filed under MCL 406.6(t) in Case No. U-

15896. The filing requirements have an entire section dedicated to transmission, Section XII. 

Consumers Energy was the first utility to file an IRP under MCL 460.6(t) with its associated filing 

requirements. The Consumers Energy IRP ultimately ended in a settlement, so the Commission 

did not extensively address the IRPõs transmission portion. The Commission did, however, briefly 

touch on expectations for Consumers Energyõs next IRP, stating that: 

Looking ahead to Consumersõ filing of its next IRP in 2021, the Commission expects that Consumers 

will work in close collaboration with METC {Michigan Electric Transmission Company] and will 

provide METC a thorough and timely retirement analysis of its aging generation units and new 

resource plans to allow for a more accurate and in-depth analysis of transmission issues in the next 

IRP.29
 

While this does not place new requirements on Consumers Energy, it does signal that the 

Commission expects greater collaboration and communication with the in future IRPs. 

The most the Commission has said regarding a utilityõs effort to fulfill the transmission filing 

requirements comes from the order in DTE Electricõs IRP in Case No. U-20471. Even though the 

Commission found the IRPõs transmission analysis complied with the letter of the law, it found 

that it did not comply with the spirit of the language or the language from the previous Certifica te 

of Need order regarding transmission analysis. The Commission required DTE Electric to 

coordinate with ITC Transmission to evaluate options for increasing import or export capacity as 

 

 

26 Commission Order in Case No. U-15896, May 11, 2017, pp. 16,19. 
27 Commission Order in Case No. U-18419, April 27, 2018, pp.8-13. 
28 Id at pp. 111, 115-116 
29 Commission Order in Case No. U-20165, June 7, 2019, p. 90. 
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well as to evaluate transmission options that can facilitate power purchase agreements of energy 

and/or capacity from neighboring planning zones or RTOs.30
 

The Commission also commented on transmission planning in the UPPCo IRP in Case No. U-

20350. The Commission did not order UPPCo to conduct another U.P. transmission study when 

considering UPPCoõs proposed reciprocating internal combustion engine primarily due to two 

recent in-depth MISO studies. The Commission did, however, emphasize the need to study the 

near-term operation effects on long term resource planning decision s.31
 

It is clear from all that the Commission has said in the first round of IRPs that it is not satisfied 

with the content or completeness of the transmission analyses presented. To that end, Staff 

worked in the MI Power Grid Advanced Planning Work group to inquire about transmission 

possibilities and alignment in the IRP before proceeding to update the IRP filing requirements. 

Overview of Transmission Planning in Michigan  

Transmission planning in Michigan is carried out by the seven investor-owned, municipal, and 

cooperative transmission owning utilities operating in the state 32 in conjunction with the relevant 

RTO. Michigan is part of two different RTOs-MISO and PJM. These organizations are responsible 

for operating the transmission system and wholesale electricity markets, dispatching generation, 

ensuring reliability, and planning the Bulk Electric System over large geographic areas. In addition 

to planning transmission systems to ensure reliability during the most severe conditions and 

scenarios, RTOs also plan transmission to enable state and federal policies and ensure that long-

term changes in the resource mix and customer demand can be reliably managed. 

TOs commence their annual planning process by using internal planning models to identify 

various issues on their systems and designing projects to address those issues. MISO has an 18-

month process, while PJMõs requires 24 months. In this òlocaló transmission planning phase, TOs 

develop projects to address local reliability, North American Electric Reliability Corporation (NERC) 

reliability criteria, customer load growth, economics, generator interconnections, asset age and 

condition, among other objectives. The local transmission plans developed by the TOs are 

incorporated into the RTOsõ regional planning cycles as possible transmission solutions for 

inclusion in the annual MISO MTEP or PJM RTEP. 

In collaboration with stakeholders, the RTOsõ regional planning processes first involves building 

region-wide reliability planning models to test the transmissi on system for possible NERC or TO-

specific criteria violations such as overloads, single or multiple contingencies, and evaluate the 

 

 

30 Commission Order in Case No. U-20471, March 19, 2019, pp.82-83. 
31 Commission Order in Case No. U-20350, December 16, 2019, p. 47. 
32 International Transmission Company (ITC), Michigan Electric Transmission Company (METC), American 

Transmission Company (ATC), Wolverine Power Supply Cooperative (Wolverine), Xcel Energy, American 

Electric Powerõs (AEP) Indiana Michigan Power (I&M), and Michigan Public Power Agency (MPPA). 
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overall impact of TOsõ transmission plans. Throughout their respective planning cycles, the RTOõs 

hold regular, public stakeholder meetings to solicit input and answer questions on proposed 

transmission plans. The RTO planners will evaluate potentially cost saving or more efficient 

transmission upgrades and may recommend an alternative solution to a TO submitted plan. The 

RTO planners may recommend a project for approval as proposed, with modifications, may find 

that a project is not needed based on their own regional planning evaluation, or that the 

transmission issue is resolved with a non-transmission alternative (NTA). The planning models are 

available to stakeholders who provide security assurances per the RTOsõ tariffs and Business 

Practice Manuals. 

Eventually, the RTO will recommend a final suite of projects to stakeholders and the Board of 

Directors for approval in their  annual MTEP or RTEP report.33 If a project is approved by the RTOõs 

Board in the annual report, the sponsoring TO is under an obligation to construct the project. 

However, RTOs continuously monitor the progress of approved projects within the  context of new 

system conditions or stakeholder feedback and may withdraw an approved project should they 

find it to be no longer needed.  

 

 

 

33 PJMõs òSupplemental Projectsó are incorporated into the RTEP but are not PJM Board approved. 

Supplemental projects are driven by equipment condition performance and risk, operational flexibility and 

efficiency, resilience, customer service, and drivers not meeting any other project category.  

Figure 1 MISO typical MTEP cycle 
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Figure 1 illustrates a typical MISO MTEP planning cycle. The RTOs conduct additional òtop-downó 

planning to evaluate regional and interregional transmission drivers, including baseline reliability, 

economic efficiencies, long-range issues, and to enable public policy requirements. Outside of the 

formal expansion planning cycles, the RTOs may also conduct targeted studies to examine specific 

circumstances or policy studies to provide insight into emerging issues on the Bulk Electric System. 

RTOõs Role in Ensuring Resource Adequacy 

Beyond transmission planning responsibilities, operating the transmission system and wholesale 

electricity markets, MISO and PJM each have constructs in place to support load serving entities 

(LSEs) in meeting their peak demand into the future, commonly referred to as òresource 

adequacyó. They do this by providing a wholesale market to purchase and sell electricity capacity 

in addition to energy and ancillary services markets. In Michigan, resource adequacy is assured 

through the IRP and annual capacity demonstration processes, which incorporate aspects of the 

RTOsõ regional constructs.34 While the plans to ensure resource adequacy and authorize where 

and what types of resources are constructed is under state jurisdiction, the RTOsõ capacity 

constructs are designed to support in-state processes like the IRP and provide flexibility and 

guidance to LSEs. 

PJMõs construct provides for a competitive auction, the Base Residual Auction (BRA) to procure 

capacity resources three-years in advance of the delivery year, with annual Incremental Auctions 

conducted each year after the BRA until the delivery year, which begins on June 1 and ends on 

May 31. MISOõs construct provides for a single auction, the Planning Reserve Auction (PRA), that 

is held in April prior to the delivery year that also begins on June 1 and ends on May 31.35 Both 

RTOsõ constructs allow for self-scheduling, where an LSE commits a unit as a capacity resource by 

offering it into the auction at a price of zero, bilateral contracting, or allow an LSE to demonstrate 

that it has enough capacity to meet its  peak demand requirements by submitting a plan to the 

RTO; referred to as a Fixed Resource Requirement (FRR) Capacity Plan in PJM or a Fixed Resource 

Adequacy Plan (FRAP) in MISO. Resources that clear in the BRA or PRA are obligated to provide 

capacity for the entire delivery year, and LSEs that serve load are obligated to pay those resources 

the auction clearing price in the Locational Deliverability Area (LDA ð PJM) or Local Resource Zone 

(LRZ ð MISO) where the resources are located. The details of both RTOsõ embedded modeling 

assumptions, how resources are accredited capacity value, and determinations of how many 

resources are needed in a particular LDA or LRZ are continuously being refined through their 

 

 

34 MCL 460.6t, Section 8. 
35 MISO is currently evaluating moving to a seasonal resource adequacy construct in its stakeholder 

process, whereby the RTO would conduct multiple concurrent auctions for multiple seasons. 
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respective stakeholder processes with the approval of the Federal Energy Regulatory Commission 

(FERC). 

Indiana Michigan Power, in the Southwest corner of the Lower Peninsula, is the sole Michigan LSE 

that is a member of PJM. The Company assures it has the capacity it needs to meet its peak load 

to by submi tting an FRR Capacity Plan to PJM. The other LSEs in Michigan, all part of the 

MISO footprint, and pursue a mix of self -scheduling resources, purchases through the PRA, 

bilateral contracts or FRAPs. Some LSEs in neighboring northern Indiana and every LSE in Ohio 

are members of PJM, whose footprint extends throughout the Northeast. The boundary between 

RTOs is referred to as a seam. 

The existence of lengthy seams within and surrounding the southern portion of Michigan, to the 

east with Ontarioõs Independent Electricity System Operator, as well as Michiganõs unique 

peninsular geography present certain challenges for planning transmission to ensure resource 

adequacy requirements are met. The RTOs themselves are also facing challenges in ensuring 

resource adequacy as the bulk electric system becomes less reliant on traditional baseload power 

plants and more reliant on intermittent generation resources and resources connected to the 

distribution system; in addition to increasing severe weather events brought about  by the 

changing global climate. 

Resource Adequacy Evaluations in MISO 

NERC standards require that RTOs calculate the amount of capacity resources that are needed on 

the system that exceed peak customer demand such that the expected number of events where 

demand is not served occur only one day in ten years, or 0.1 LOLE days per year36 ð a metric used 

throughout North America to measure resource adequacy. NERC provides flexibility for how 

individual RTOs apply the LOLE metric with respect to the type and severity of events considered 

for LOLE. In MISO, for example, an LOLE event is one requiring firm load shed after all operating 

reserves and DR has been deployed. 

Using the LOLE metric, MISO calculates a region-wide planning reserve margin (PRM) sufficient 

to cover planned transmission maintenance outages, forced or generation outages, deratings of 

generation and DR resources, reasonably anticipated variations in weather, and uncertainty in load 

forecasts. Using forecasted coincident peak demands, Planning Reserve Margin Requirements 

(PRMRs) are calculated for each LSE and for the LRZ which represent the total capacity obligations 

required for the planning year. LSEõs must produce or procure Zonal Resource Credits (ZRCs) or 

prove they have them in a fixed resource adequacy plan (FRAP), bilateral contract or self-

scheduled supply to meet their PRMR. MISOõs construct also imposes a Local Resource 

Requirement (LRR) on each LRZ which is the amount of ZRCs required to be procured in the zone 

 

 

36 NERC Standard BAL-502-RF-03. 
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to achieve the 0.1 LOLE per day requirement at peak demand, without contributions from 

resources outside the LRZ.37
 

The ability to transfer capacity resource credits into or out of an LRZ, Capacity Import Limits (CILs) 

or Capacity Export Limits (CELs), are determined by MISO pursuant to a transfer analysis study. 

MISO will determine the maximum CIL, for example, into an LRZ by modeling decreasing 

generation within the LRZ under study and increasing the generation in adjacent MISO LRZs and 

adjusting for exports to non -MISO loads. The CIL and CEL determine the amount of ZRCs that can 

be imported/exported for purposes of meeting resource adequacy obligations. The LRR reduced 

by the CIL results in a Local Clearing Requirement (LCR), the amount of ZRCs that must be 

procured from resources physically located within the LRZ. In cases where an insufficient amount 

of ZRCs are available from within an LRZ to meet the LCR, the PRA will clear all ZRC offers in the 

LRZ at the Cost of New Entry (CONE) ð a FERC-approved price for capacity to reflect the cost of 

bringing a new natural gas combined cycle plant in the zone online and to incentivize the 

construction of new generation resources within the LRZ.38
 

MISOõs Michigan Capacity Import and Export Limit Study 

On November 7, 2019, the MPSC sent a letter to MISO Chief Executive Officer John Bear formally 

requesting MISO perform a study that òaugment[s] [its] LRZ 7 Out-Year CIL-CEL Study Scope,ó to 

not only  consider changes to the CIL and CEL from generation fleet changes, but also additional 

ways to increase these limits. The request was developed in part based on the results of the 

Commissionõs SEA39 delivered to Governor Whitmer, which included a recommendation that 

òUtilitiesêand stakeholders, should further investigate opportunities to expand Michiganõs 

capability to import additional electricity to address short - and long-term reliability and resource 

adequacy needs in a more holistic manner as Michigan experiences additional power plant 

retirements.ó40 MISO and MPSC Staff coordinated on the development of an initial scoping 

document for the study, which was then further developed and refined throughout a stakeholder 

process. 

MISO presented the initial draft scoping document for the Michigan CIL/CEL study to stakeholders 

in February 2020 and solicited feedback on its proposed study scenarios. Based on the desired 

outcomes given in the Commissionõs formal request letter, MISO developed three scenarios that 

examine the cumulative impact of the changing generation resource mix on the CIL. Scenario 1 is 

a five-year outlook that examines the impacts and necessary measures to increase the local CIL 

by 500 MW and 1500 MW increments. Scenario 2 is a 10+-year outlook that examines the impacts 

and necessary measures to increase the regional CIL by 3000+ MW. Scenario 3 is a 15+-year 

 

 

37 LRZ 7 had CONE price of $257.53/MW-day in Planning Year 2020-2021. 
38 Midcontinent Independent System Operator Business Practice Manual, BPM-011. 
39 Statewide Energy Assessment (SEA) Final Report issued in Case No. U-20464 (September 11, 2019).   
40 SEA, Recommendation E-8.2 



 

27 

 

outlook that examines a potential future with high renewable penetration: incremental renewable 

resources added in scenario 2 are assumed to have doubled nameplate capacities. Data on future 

generation resource retirements and additions were included based on utilityõs planned resource 

additions and retirements that resulted from their most recently approved IRPs; while Scenario 3 

also modeled resource additions and retirements outside of LRZ 7 based on the MTEP20 

ôAccelerated Fleet Changeõ future.41
 

MISO conducts the analysis by incorporating planned resource additions and retirements into its 

model; it then incr eases generation outside of LRZ 7, while simultaneously decreasing generation 

inside of LRZ 7 to determine the amount of power that can be transferred into the zone before a 

reliability constraint is identified. MISO finalized its scoping documents after i ncorporating 

updated resource information provided by stakeholders and began to perform its analysis based 

on the priorities identified. MISO provided updates on the progress of the analysis, including initial 

results and alternate solutions proposed by stakeholders, at various public stakeholder meetings 

held throughout 2020.  

During the May 19, 2020 Michigan Technical Study Task Force, MISO provided its initial results for 

its Scenario 1 analysis, which met the Commissionõs desired import limits, with one of the voltage 

analyses identifying two potential transmission solutions to address constraints and meet the 

desired import capability. MISO provided its next update on its analysis at the groupõs September 

18, 2020 meeting, which included updated Scenario 1 and initial Scenario 2 results. Scenario 1 was 

updated from the prior meeting to include a new voltage analysis methodology; this resulted in 

no constraints being identified to achieve the desired import capability. The Scenario 2 analysis 

resulted in achieving the desired import capability, after including two topology upgrade projects. 

At the end of this stakeholder presentation, MISO provided an opportunity for stakeholders to 

submit alternate projects to those identified in the analysis to address system constraints; these 

proposals were to be incorporated into the analysis and presented at the next meeting.  

At the November 17, 2020 meeting, MISO provided the results for Scenario 2 that incorporated 

the alternate projects proposed by DTE Energy and LS Power. Four total projects were proposed, 

all of which met the target import capability. Cost estimates were provided for all but one of these 

projects, which allowed for comparison with the original system upgrade project included in the 

analysis. During the groupõs February 12, 2021meeting, MISO presented interim analysis results 

for the final time, including an update on Scenario 3 assumptions based on stakeholder feedback. 

Scenario 3 results showed the targeted CIL being achieved after including an upgrade project. The 

meeting also provided a venue for stakeholders to propose alternate project solutions to be 

considered as part of a future Scenario 3 analysis. 

 

 

41 3/13/20 MISO CIL scoping doc, p. 8 
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MISO plans to complete its CIL/CEL analysis in April 2021. It will first incorporate any alternate 

projects proposed by stakeholders for Scenario 3, and then calculate the LRR and LCR for the 

various scenarios. MISO will then finalize and capture the results in a report it will issue to the 

Commission in May 2021. The initial results of this study have helped to illustrate the impact of 

various renewable penetration levels in the future on the CIL for LRZ 7. 

FERC Orders 841 and 2222 

In 2018, FERC issued landmark Order No. 841 ordering RTOs to remove barriers that prevent 

electric storage resources (ESRs) from participating in their respective capacity, energy, and 

ancillary service markets. Recognizing the diverse capabilities of ESRs, FERC required that the RTO 

participation models allow a resource to provide all capacity, energy, and ancillary services that it 

is technically capable of providing, can be dispatched by the market operator, and can set 

wholesale market clearing prices as both a seller and buyer in the market. 

New wholesale market opportunities, along with decreasing costs of ESRs at both customer and 

utility scales, could incentivize significant growth in ESRs connected to the transmission system. 

In addition to capitalizing on wholesale electricity market opportunities, the level of renewable 

generation investments that will be necessary for Michigan to be carbon neutral by 2050 will likely 

require substantial investments in ESRs simply to preserve reliability. Whether for market or 

reliability reasons, future ESR deployments are expected to require significant upgrades to the 

transmission system over time. 

The level and extent to which ESRs proliferate, with opportunities to participate in wholesale 

energy markets, retail pricing regimes, or serve a transmission or distribution system need, is 

unknown but could require significant upgra des on both the distribution and transmission 

systems. Whether an ESR is proposed to perform a transmission function, a market function, or 

obviate the need for a traditional resource or project, it is expected that ESRs will be evaluated in 

future IRPs. Performing comparative analyses of ESRs that may address similar issues, are planned 

as an NTA, or against other resource types, may add additional complexity to integrated resource 

planning. 

In September 2020, FERC issued another landmark ruling, Order No. 2222, to promote 

competition in wholesale electricity markets by requiring RTOs to remove any barriers in their 

tariffs that prevent DERs from competing in their capacity, energy, and ancillary service markets 

on a level playing field with other resources. DERs are defined as small-scale power generation or 

storage technologies located on a utilityõs distribution system, a subsystem of the distribution 

system, or behind a customerõs meter. The rule allows several DERs to aggregate together to 
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participate in the RTOsõ markets, allowing those resources that participate in a retail program to 

also participate in wholesale markets.42
 

Developing a new participation model for aggregated DERs will be a complex undertaking for the 

RTOs, state regulators, and stakeholders. Initial Order 2222 compliance discussions are underway; 

however, it is expected to take until at least 2022 for RTO tariffs to be developed and filed with 

FERC. Much like ESRs, it is difficult to predict where and in what quantity DERs may proliferate 

because of Order 2222õs required wholesale market opportunities. Also, much like ESRs, DERs 

could eventually add additional complexity to resource planning. For example, growth in DERs 

might drive the need for additional transmission investment to deli ver distributed capacity or 

might obviate the need for a generation or transmission investment altogether.  

Discussion 

Enhanced Communication  

As mentioned earlier, Michiganõs geography makes transmission planning complex. Michiganõs 

utility business structure adds another layer of complexity to electric system planning where 

transmission facilities are owned and planned by TOs that are separate from generation resource 

owners, who may be regulated electric generation and distribution utilities, municipal and  

cooperative utilities, or an Independent Power Producer (IPP). This utility business structure in 

Michigan results in a transmission planning process that is separate from resource and distribution 

planning. Adding further complexity to the planning proce ss, Michigan allows for 10% retail 

choice; where 10% of Michiganõs electricity demand is served by alternative energy suppliers 

(AESs). 

During the January 19, 2021 MI Power Grid Meeting, several expert speakers and stakeholders 

reinforced the need for direct communication at regular intervals throughout the IRP 

process.43 Stakeholders acknowledged that the purpose of regular communication is to facilitate 

a bi-directional and iterative flow of information. For effective transmission modeling and 

planning, MISO noted the importance of facilitating a flow of information from the TO  to the 

regulated utility  and vice versa.44 The current MTEP and RTEP processes allow for some transfer of 

information; however, those are largely focused on specific transmission system needs, generation 

and load interconnections, and energy market constraints. These processes may not take a holistic 

look at Michiganõs electric grid or promote a bidirectional flow of information between regulated 

utilities and TOs in ways that identify long -term resource and distribution needs or ways in which 

 

 

42 State Regulatory Authorities can continue to prohibit DER aggregators from bidding DR into  wholesale 

markets. 
43 Advanced Planning Stakeholder Meeting, January 19, 2021. 
44 Advanced Planning Stakeholder Meeting, January 19, 2021. 
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the transmission system can support future changes that are likely to occur on the distribution 

system and in utility resource portfolios.  

To facilitate a bidirectional flow of information b etween Michiganõs regulated and transmission 

utilities, Staff recommends that a process for regular engagement be established. Staff 

recommends that regulated utilities coordinate with TOs to schedule a biannual meeting that 

serves two purposes. First, it should focus on distribution system needs and expected fleet 

changes that are likely to occur for the regulated utility that facilitates discussion about how the 

transmission system may best support those changes, including potential transmission 

investment. Second, it should focus on transmission system needs and potential non-transmission 

alternatives that may be reasonable and economic replacements to transmission investment. 

Focused meetings between the regulated utilities and TOs will help bridge the gap in transmission 

planning created by Michiganõs utility business structure and help create overall alignment in 

planning processes. Finally, all interested stakeholders are encouraged to participate in the IRP 

dockets at the MPSC, as well as in the transmission planning meetings held by MISO and PJM. 

Opportunities and Challenges of Importing Capacity into MISO Local Resource Zones 

2 and 7 

It has been identified by stakeholders that a greater ability for LSEs in LRZ 7 to access the wider 

MISO market for capacity and energy resources could potentially provide an opportunity to lower 

both capacity costs for Michigan ratepayers and in-state air emissions, in addition to providing 

for increased system reliability. The level of renewable energy resources that will be needed to 

meet Governor Whitmerõs goal of carbon neutrality by 205045 will be substantial. While a 

significant amount of renewable energy resources will need to be constructed within LRZ 7 to 

meet resource adequacy requirements, there may be opportunities with respect to importing 

capacity or increasing the CIL; tested and vetted solution sets that can cost effectively do so should 

be considered in the IRP. Relying on imports from PJM or the Ontario, however, is generally 

incompatible with resource adequacy requirements without assurances that the capacity will be 

deliverable to LRZ 7 when dispatched by MISO. 

However, as previously noted, certain conditions in Michigan, and LRZ 7 in particular, make relying 

on imported capacity challenging relative to other states in MISO or PJM. Peninsular geography, 

a lengthy MISO-PJM seam, international borders, and limited transmission ties to adjacent LRZs 

in MISO, together result in restrictive in-zone generation requirements to meet the LCR. 

Furthermore, expected increases in wind and solar generation are likely to increase the LRR, 

potentially diminishing the value of generation outside of LRZ 7 in future years.  

 

 

45 Executive Directive No. 2020 ð 10 aims to achieve 28% reduction below 2005 levels in greenhouse gas 

emissions and economy-wide carbon neutrality no later than 2050. 
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In recent years, a low CIL has required nearly all capacity resources to be procured within LRZ 7. 

In the 2020-2021 planning auction there were insufficient resources in LRZ 7 to meet the LCR, 

causing the price for capacity to clear a CONE price of $257.53/MW-day, versus $4.75-$6.88/MW-

day in the rest of the MISO footprint. A higher CIL into LRZ 7 would allow for greater utilization 

of resources external to LRZ 7 and increase the likelihood that there are sufficient resources within 

LRZ 7 to meet the LCR. If a transmission project increases the CIL and meets the required criteria 

for RTO approval, it should proceed through the MTEP process for evaluation and be incorporated 

into IRP modeling and evaluations. 

The MISO Michigan CIL/CEL study demonstrated that the LRZ 7 CIL in future scenarios is highly 

sensitive to generation resource citing decisions and modeling methodologies and assumptions. 

Uncertainty of where future resources will be sited challenges analyses of future import limits, and 

the further out the analysis, the greater the uncertainty becomes. With ongoing refinements to 

MISOõs and PJMõs resource adequacy constructs and the continued enhancements to resource 

adequacy and reliability over the long term, modeling assumptions and methods could have a 

significant impact on the projected benefits of a particular transmission project meant to utilize 

or increase the CIL and decrease the LCR. If a transmission or distribution project meant to 

facilitate imports were relied on for resource adequacy, LSEs and their customers would face a risk 

that the LCR might later increase due to unforeseen factors, and out-of-zone resources would no 

longer be available for meeting the PRMR. Further, ratepayers could risk paying for a transmission 

project meant to relieve a binding import constraint only for another binding constraint to appear 

elsewhere in the system or under future system conditions, resulting in similar import limitations. 

Together, these issues represent a significant challenge to incorporating imported capacity 

resources into IRPs. 

These challenges, while significant, are not insurmountable. Inclusive participation by stakeholders 

in both the MISO and PJM transmission planning forums and in Michiganõs IRP processes could 

bring about innovative solutions to benefit ratepayers. Greater participation by stakeholders in 

these forums is encouraged. LSEs should continue to consider viable and tested transmission 

solution sets in the IRP process. And opportunities for enhanced communication and information 

sharing should be pursued. 

Stakeholders seeking further information or refinemen ts to the resource adequacy construct that 

drives the limiting CIL and LCR values for LRZ 7 are encouraged to participate in MISOõs public 

Resource Adequacy Subcommittee and Loss of Load Expectation Working Group stakeholder 

forums. 
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Stakeholder Feedback and the Role for Transmission in IRPs 

Current law46 requires that utility IRPs include ò(a)n analysis of potential new or upgraded electric 

transmission options for the electric utilityó and ò(p)lans for meeting current and future capacity 

needs with the cost estimates for all proposed construction and major investments, including any 

transmission or distribution infrastructure that would be required to support the proposed 

construction or investment, and power purchase agreements.ó However, from prior IRP cases,47 it 

has become clear that the transmission analysis requirements are overly broad, and additional 

specific requirements would increase quality and transparency of the analysis. 

During the January 19, 2021 MI Power Grid meeting, Staff requested written stakeholder feedback 

on questions pertaining to what changes should be made to IRP transmission analysis 

requirements, and how transmission constraints, such as the CIL and CEL, should be modeled in 

future analyses. Stakeholder responses made diverse suggestions for improving future IRP 

transmission analyses; however, support for enhanced communications and transparency 

requirements emerged as a consistent theme across comments. Information asymmetries, system 

visibility, and analysis lead times and documentation were mentioned as current challenges in the 

process. 

Stakeholders suggested a variety of potential filing requirements meant to mitigate these 

challenges. Further aligning IRP processes with regional transmission planning processes at MISO 

and PJM would potentially improve information asymmetries and modeling input assumptions 

and provide for a more regional and long -term view of the transmission system. Stakeholders also 

suggested that the Commission further define what types of transmission analysis should be 

required in the IRP, including suggestions for reliability evaluations of utility PCA reliability and 

analysis of the best locations for generation relative to existing and planned transmission. 

Stakeholder comments differed more substantially in how energy and capacity availability outside 

of LRZ 7 should be modeled in IRPs and the requirements that should be imposed on out of state 

resources that respond to an RFP. Comments ranged from fully utilizing MISO resources external 

to LRZ 7 irrespective of CIL and CEL values, to accounting for lost energy revenues associated with 

imports, to leaving the consideration of external resources entirely up to the filing utility. 

Regarding modeling transmission import and export constraints in an IRP, stakeholders offered a 

variety of comments reflecting the limits of CIL/CEL values, including, but not limited to volatility, 

lack of and uncertainty of out -year data, and that the value reflects a snapshot under specific 

system conditions and does not reflect day-to-day energy transfer limits. 

This feedback from stakeholders has identified several ways in which transmission planning can 

be a more direct component of an IRP analysis and was helpful to Staff in considering the overall 

 

 

46 MCL 460.6t 
47 Commission Orders in Case Nos. U-20165, U-20351, U-20471.  
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role of transmission planning in IRPs and the Staff recommendations for process improvements 

outlined below. Additionally, future IRPs are expected to incorporate increasing amounts of 

distributed generation, energy storge resources, and new technologies implemented at 

generation, transmission, distribution, and end-use levels of the electricity system. Staff expects 

that specific IRP transmission analysis needs and assumptions will continue to evolve, so filing 

requirements should ensure adequate flexibility to incorporate new an alyses amid changing 

system conditions. 

Recommendations for  Potential Filing Requirements Update in Phase 3  

Although the IRP Filing Requirements are not expected to be updated until the Commission issues 

an order at the next phase of the MI Power Grid Advanced Planning workgroup, Staff identified 

several preliminary recommendations to improve the Transmission Analysis Filing 

Requirements.48 Staff and stakeholders will continue to discuss any recommendations and 

Commission guidance that may be provided during Phase 3 for the Advanced Planning 

workgroup, which is expected to take place in late 2021 and extend through the third quarter of 

2022. 

The IRP Filing requirements established in U-18461 and U-15896 identify specific information that 

a utility shall include in its IRP filing.49 The discussion and written feedback from the January 19th 

MI Power Grid meeting provided useful insight about information that stakeholders find valuable 

in understanding the transmission analysis that a utility conducts in accordance with MCL 

460.6t(5)(h), which states that an IRP shall include ó[a]n analysis of potential new or upgraded 

electric transmission options for the electric utility.ò 

Staff noted that several stakeholders desire more clarity about how the utility has engaged local 

transmission owners. Given Michiganõs utility business structure, this is a crucial step in the 

planning process because it provides a link between the transmission planning process and the 

resource planning process. 

The current Filing Requirements, Section XII(b), direct the utility to file ò[a] detailed description of 

the utilityõs efforts to engage local transmission owners in the utilityõs IRP process in effort to 

inform the IRP process and assumptions including a summary of meetings that have taken 

place.6 The description included in recent IRP filings has been relatively high level. Engagement 

has also varied from utility to utility. Experts suggest communication happen early in the process 

and at regular intervals to allow for full engagement  and facilitate information flow between the 

TO and filing utility. Therefore, Staff recommends requiring a utility  to engage a TO a defined 

minimum number of months prior to filing to ensure that there is enough time to allow for 

communication of electric  grid details between the TO and regulated utility. Staff also 

 

 

48 December 20, 2017 Commission Order, Case No. U-15896, Exhibit A. IRP Filing Requirements, p 4. 
49 Id. 
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recommends that meeting minutes be provided along with pertinent details about utility requests 

for studies, discussions about assumptions and any conclusions made during the meetings, 

alternatives that were reviewed, and any other pertinent information that can be made public or 

provided through typical contested case confidentiality agreements.  

The current Filing Requirements, Section XII(e), direct a utility to file ó[a]ny information provide d 

by the transmission owner(s), including cost and timing, indicating potential transmission options 

that could impact the utilityõs IRPó.50 There are a number of items, such as increases to import and 

export capability, impacts to the planning zone, changes to transmission system efficiency, and 

advanced technology affecting supply or demand-side resources, that Staff believes are still 

important attributes to identify within the IRP. Also, given the interest of Stakeholders in fully 

understanding the impact the transmission analysis has on the utilityõs proposed course of action 

in its IRP, Staff recommends that additional items be included. Information should include any 

recent studies that identify general areas or regions where resources are able to be interconnected 

with minimal transmission investment, any studies that indicate ways in which the CIL/CEL can be 

increased or may change coupled with how those changes may impact the LCR, and any 

information that identifies areas where generation solutions are being proposed to increase 

transmission system reliability. 

Staff appreciates that grid infrastructure information can be highly confidential, and that the 

information provided would likely be subject to confidentiality agreements. The details that can 

be provided in some studies and reports may also be limited if it is determined that the 

information is critical energy infrastructure information. Stakeholders should also have reasonable 

expectations about the details that are able to be provided in an integrated resource plan case. 

As discussed earlier in this section, stakeholders are also encouraged to engage in the MISO 

planning processes, directly which may allow for more detailed information to be available.  

Staff Recommendations and Conclusion 

The Staff believes the following recommendations will foster greater collaboration and 

transparency in the IRP process that reflects Michiganõs unique independent transmission utility 

business structure. 

Enhanced Communications 

To facilitate enhanced information sharing and communication between Michiganõs regulated 

utilities and transmission owners, Staff recommends that a process for regular discussion of 

current and future system needs be established. Staff recommends that regulated utilities and 

transmission owners coordinate to schedule a biannual meeting that serves two purposes. First, 

these meetings should focus on distribution system needs and expected fleet changes that are 
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likely to occur for the regulated utility that facilitates discussion about  how the transmission 

system may best support those changes, including potential transmission investment. Second, the 

meeting should also focus on transmission system needs and potential non-transmission 

alternatives that may be reasonable and economic replacements to transmission investment. 

Focused meetings between the regulated utilities and TOs will help bridge the gap in transmission 

planning created by Michiganõs utility business structure and help create overall alignment in 

planning processes. Staff recommends that regulated utilities and transmission owners, with the 

participation of the Staff, come to an agreed upon meeting schedule and timeline for performing 

transmission analyses, providing feedback, and evaluating alternatives. 

Informed Transparency  

Staff recommends that the Commission consider IRP filing requirements that require all studies 

used to inform a resource decision be included in the IRP. Studies performed for the IRP 

transmission analysis should, at a minimum: 

(1) use the most recent RTO reliability planning models made available to all parties with a 

CEII Nondisclosure Agreement51 on file with the RTO, 

(2) evaluate the reliability considerations of the utilityõs proposed course of action, 

(3) evaluate the reliability, cost, and resource diversity benefits of transmission alternatives, 

(4) identify areas or regions where new resources can interconnect to the transmission 

system with minimal transmission investment, 

(5) identify and estimate the cost of upgrades that wou ld increase the local CIL/CEL and 

impacts to the LCR, and 

(6) identify where transmission and non-transmission alternatives are likely to facilitate DERs. 

Staff recommends that the Commission consider requiring that all documentation that supports 

the utility's proposed course of action or the transmission ownerõs analysis and suggested 

alternatives should be provided. All requests for transmission studies and information should be 

documented by the regulated utility and included in IRP materials. 

Stakeholder Participation  

Staff encourages all interested stakeholders to participate in the MPSCõs IRP cases, as well as in 

MISO and PJMõs transmission planning meetings to the extent practical. For process efficiency, 

stakeholders with similar interests, or desiring similar outcomes, are encouraged to align where 

possible. Inclusive participation by stakeholders in the MPSCõs IRP process and in MISOõs and 

PJMõs transmission planning forums could bring about innovative solutions to benefit ratepayers 

and the environment. Viable and tested transmission solution sets from any stakeholders should 

continue to be considered by LSEs in the IRP process. Stakeholders seeking further information or 

refinements to the resource adequacy construct that drives the limiting CIL and LCR values for 
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LRZ 7 are encouraged to participate in MISOõs public Resource Adequacy Subcommittee and Loss 

of Load Expectation Working Group stakeholder forums. 

Value of Generation Diversity  

Background  
Generation diversity has come under additional public attention recently, as utility resource 

portfolios evolve through the retirement of traditional fossil -fueled generation and the addition 

of distributed renewable resources. Extreme weather events, such as the one that caused outages 

throughout Texas in February 2021, are becoming more common  as climate change continues to 

destabilize global weather patterns.52 These issues increase scrutiny into the role that generation 

diversity plays in ensuring demand is reliably met at all hours of the day. Although the focus of 

these debates is often centered on the performance of one specific technology or another, the 

main concern of most customers is maintaining system reliability and providing resilience during 

extreme events. While adequate generation diversity can play a key role in ensuring system 

integrity, it is one of multiple factors and must be properly understood to ensure it is quantified 

and valued in a way that both supports system reliability and resiliency while optimizing cost and 

non-cost factors. 

The Commission is required by statute to consider diversity of generation supply when 

determining whether an IRP is the most reasonable and prudent means of meeting energy and 

capacity needs.53 The language in the statute does not prescribe specific methods for valuing 

generation diversity. Additionally, the Statewide Energy Assessment report (SEA) recommended 

òthat the value of diversity in power supplies be quantified as part of future integrated resource 

plans filed by electric utilities.ó54 On February 2, 2021, Staff held a stakeholder session focused on 

understanding the value generation diversity provides and methodologies for quantifying those 

benefits. 

Conceptually, the value of generation diversity derives from mitigation of risk . Technological 

advances, electrification, and climate change, on top of the inherent complexity 

of forecasting, mean that future conditions are difficult to predict. As a result, a resource plan 

optimized solely for one potential future is  likely to face significant challenges should the future 

not play out as predicted. If too much reliance is placed on one fuel or generation technology, a 

disruption that affects that fuelõs availability or that technologyõs ability to function properly would 

 

 

52 Kovacs, Thomas and Barrett, Kimberly, "Michigan Climate Assessment 2019: Considering Michigan's 

Future in a Changing Climate" (2020). Michigan Climate Assessment. 

https://commons.emich.edu/michigan_climate2019/1/  
53 MCL 460.6t(8)(a) 
54 Statewide Energy Assessment Report, September 11, 2019, p. iii. 
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adversely impact a utilityõs ability to meet demand. An overly homogenous resource portfolio also 

brings economic risk, as the utility will be unable to shift away from that resource if it becomes 

uneconomical compared to other technologies or fuels. A diverse generation portfolio also 

benefits from the distinct characteristics and ancillary services each technology provides. 

As discussed below, while different metrics have been developed to directly quantify the diversity 

of a generation portfolio, there is no one agreed upon metric to quantify generation diversity. 

These indices provide a useful empirical metric to support valuing generation diversity but  are 

insufficient on their own to recommend adoption as a prescriptive valuation tool.  Generation 

diversity must not only be quantified, but  also have its value properly accounted for  it to be useful 

in system planning. Generation diversity is not a prescriptive property to be blindly sought after; 

it is a natural consequence of risk analysis and how changing variables impact model forecasting 

inputs and the resulting ability for a resource plan to serve load. As such, a more robust risk 

assessment will more accurately value and promote a resource portfolioõs diversity. 

Discussion 

Current state of diversity in Michig anõs electric system 

To properly assess and value generation diversity, it is important to establish a working definition 

for what diversity means. From an academic perspective, diversity is defined by three main 

components: variety, or the number of categories; balance, or how evenly dispersed these 

category populations are; and disparity, or how different the categories are from one 

another.55 When relating this broader definition to generation diversity specifically, diversity in 

generation is often measured in terms of fuel source as this allows both the variety and balance 

of generation to be considered, while different fuel and generation characteristics relate to 

disparity.56 When considering the generation diversity of a resource portfolio, differenc es in fuel 

source and operating technology are often what is measured. Resource operational 

characteristics, in addition to fuel type, can be used to further distinguish between technologies 

that use common fuel sources (i.e., distributed customer owned solar vs. utility owned, centralized 

solar.) 

As the transition from traditional fossil -fueled generation to clean, distributed resources has 

accelerated in recent years, Michiganõs overall generation portfolio changed as well as depicted 

by the Figure 2 below: 

 

 

55 Stirling, Andy. 2007 A general framework for analyzing diversity in science, technology and society. J. R. 

Soc. Interface. 4: 707-719. https://royalsocietypublishing.org/doi/pdf/10.1098/rsif.2007.0213 . 
56 Id.  

https://royalsocietypublishing.org/doi/pdf/10.1098/rsif.2007.0213
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Looking at Michiganõs changing energy mix in Figure 2, it appears that system diversity is 

increasing significantly with time, as cleaner technologies become more widely adopted, and coal 

retirements result in coal being a smaller share of the stateõs capacity and energy supply. However, 

simply looking at such data alone does not directly account for the three components of diversity: 

variety, balance, and disparity. Diversity indices have been formulated to better quantify and value 

these individual components; the studies referenced in this report calculated diversity using three 

well-established indices: Stirling, Shannon Wiener, and Simpson.57
 

When analyzing the stateõs generation diversity over time using these indices, there is a more 

modest increase: 

 

 

57 Refer to Appendix E of this report for a detailed explanation of each of these diversity indices. 

Figure 2 Historical Energy Production in Michigan (2007-2019), MWH 
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Figure 3 Generation diversity in Michigan over time, using Shannon Weiner, Simpson, Stirling indices.58  

These indices consider additional factors not captured by simply looking at the overall generation 

mix of a system on its face. Additionally, while each of these indices followed a similar trend over 

time, year-to-year variations and overall magnitude of change differ between each, as these 

indices weigh the three components of diversity differently. It is vital to understand how these 

different indices value, and therefore quantify, generation diversity if it is to be considered on a 

more quantitative level in utility planning. A discussion of these three indices and their differences 

is provided in Appendix E. 

The value of generation diversity in the electric system  

While generation diversity has a well-established definition, assessing the value of diversity in a 

generation portfolio is a more nuanced task. The value assigned to generation diversity in 

planning processes should account for the value it provides to the electric system and could be 

identified in any number of planning processes, including  distribution, transmission, and resource 

planning. Utility planning processes seek to provide an optimized resource portfolio that balances 

overall system costs with desired levels of reliability and resiliency. Put another way, the utility 

planning processes seek to provide an optimized portfolio that balances overall system costs with 

an acceptable level of risk. Therefore, generation diversity should be valued for its potential to 

provide cost savings or improve system reliability and resiliency. Cost savings are currently 

considered when making resource decisions in system planning models; resource solutions are 

 

 

58 Yue-wei Wu, Tiffany, Rai, Varun, óQuantifying Diversity of Electricity Generation in the U.S.ó White Paper 

UTEI/2017-02-1, 2017. http://energy.utexas.edu/the -full-cost-of-electricity-fce/. 
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evaluated against one another to determine the option t hat provides the greatest system value. 

While diversity of a resource portfolio can impact overall portfolio costs, the value of generation 

diversity can be more directly accounted for through risk avoidance. In order to fully consider how 

a portfolioõs generation diversity contributes to risk avoidance, it is helpful to understand the 

potential for increased risks that may result from a lack of generation diversity in the system. This 

section will focus on how generation diversity impacts system risk through exposure 

to commodity price volatility and interdependency with other economic sectors and the impact 

of locational and operational considerations on the potential to either address or create the need 

for new capital investments in the electric system. 

Natural gas has become a dominant fuel source for Michigan generating units, and is expected 

to overtake coal  to become the largest single source of energy in the stateõs resource mix by 

2025.59 At the same time, natural gas is still used as the primary heating fuel for 75% of Michigan 

residents.60 Due to this interdependency, ensuring natural gas supply for electricity generation 

can be difficult during the heating season, particularly in times of adverse weather, when heating 

loads are highest and supply chains may be impacted. This was the case in the January 2019 Polar 

Vortex when an incident at critical natural gas infrastructure during times of extreme cold weather 

caused natural gas supply issues in the state. Through the coordination of utilities, emergency 

services, and state government officials, a request was made for Michigan residents to reduce 

their heating load and service shutoffs were avoided. While fuel supply issues are often 

exacerbated by extreme weather, there are price volatility risks even under normal conditions. 

Natural gas supply and demand have historically varied due to a wide range of domestic and 

international issues, corresponding to significant fluctuations in natural gas prices over relatively 

short periods of time. Uti lities mitigate some of this risk by entering into long -term contracts with 

suppliers for a consistent amount of fuel to operate their units during normal conditions. However, 

when demand for natural gas generation exceeds the utilityõs supply reserves, it is exposed to 

market price volatility to procure necessary gas supply through spot market purchases: 

 

 

59 2020 MPSC Annual Report, p 31. 
60 SEA, p 18. 



 

41 

 

 

Figure 4 Daily Henry Hub Natural Gas Spot Prices for 2019.61 

Figure 4 demonstrates the daily historical price volatility inherent in natural gas spot prices. One 

of the risks of a lack of generation diversity is it can increase the reliance on one fuel source, and 

thereby increasing the utilityõs risk of requiring spot purchases on the commodity market during 

unfavorable market conditions to meet l oad requirements. 

The transition from an energy system dominated by large, centrally located fossil-fueled 

generation resources to a more distributed and carbon neutral system has broad implications for 

how the system will be operated and perform in the fu ture to meet demand. As this transition 

accelerates, the locational and operational characteristics of generating resources must be valued 

when assessing diversity to ensure that the planned solutions are optimized to provide the most 

value for the least cost. In the past, locational considerations for the siting of new thermal 

generation resources did not have an impact on generation performance; therefore, resources 

were located near load centers to reduce energy transport costs and losses. As the fuel sources 

used by intermittent resources like solar and wind are naturally dependent on location, siting of 

these resources at the utility-scale is often focused in locations of high generating potential or 

adequate space for the installation. This often results in large-scale renewable resources being 

sited at locations distant from the load they serve, which requires a robust transmission and 

distribution (T&D) system as support. The displacement of centrally located fossil-fuel generation 

by distributed renewable resources places additional stress on the T&D system as it must now 

handle the flow of electricity from more injection points spread throughout the grid.  

 

 

61 https://www.eia.gov/dnav/ng/hist/rngwhhdD.htm . Retrieved March 10, 2021. 
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This results in increased siting analysis to identify points of failure and potential necessary 

investments in the T&D system to support new resources. Distributed Energy Resources (DERs) 

may not place the same burden on the T&D system, as these resources are by nature dispersed 

over the utilityõs service territory. Additionally, while siting DERs at one location 

may increase stress on the system, at another location, it may  alleviate stress and the 

necessity for future T&D investment. Generation diversity metrics need to value not only 

differences in technology types, but also differences among technology types which are otherwise 

not captured, such as operational characteristics. Additionally, generation diversity metrics should 

account for the value of locational characteristics, such as the potential to add to line congestion, 

or provide system support.  

The Role of Risk Analysis in Quantifying and Valuing Generation Diversity  

Risk analyses, whether deterministic or stochastic, seek to evaluate resource portfolios against a 

variety of potential futures to determine the impact of these futures on syst em characteristics, 

often on a revenue requirement or other cost -based basis. In a deterministic model, the output is 

determined by initial conditions and parameter values specified by the user.62 Deterministic 

modeling in a resource plan involves the use of scenarios and sensitivities, or specific futures that 

account for changes in either one variable (sensitivities) or multiple variables (scenarios) in 

modeling. A deterministic risk assessment can also be performed by testing the optimized 

resource portfolios resulting from one scenario and sensitivity combination (future) in other 

futures to determine its impacts on the optimized portfolioõs performance. Stochastic analyses 

involve some inherent randomness in the input values assigned, and therefore test the system 

solution against a wide range of random futures not fully determined by the modeler .63 Stochastic 

risk assessments utilize probabilistic distributions to introduce randomness into the system by 

varying one or more input parameters around an òexpected value.ó Parameters can also be linked, 

allowing the impact of multiple parameters to be tested together. The result of this analysis is a 

comparison of the selected portfolio among a wide range of potential future  conditions, without 

requiring user input to determine the specific parameter values in each future. More information 

about deterministic and stochastic modeling is available in Appendix D. 

Currently, utilities are required to perform a risk assessment as part of the IRP process. The MIRPP 

requires specific scenarios and sensitivities be modeled in the IRP, in addition to any scenarios 

and sensitivities the utility has created. The IRP filing requirements specify this risk assessment 

should involve òanalysis of the preferred plan and the optimal plans for each of the scenarios 

specified in the [MIRPP], as well as all additional scenarios and sensitivities filed with the IRP 

 

 

62 Deterministic vs. Stochastic Models, 

http://www4.stat.ncsu.edu/~gross/BIO560%20webpage/slides/Jan102013.pdf, Retrieved March 2, 2021. 
63 Id.  
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application.ó64 The IRP filing requirements expanded the details of the required risk assessment, 

providing multiple appr oved analysis techniques: 

òAcceptable forms of risk analysis include, but are not limited to, the following: scenario analysis, 

global sensitivity analysis, stochastic optimization, generating near-optimal solutions, agent -

based stochastic optimization, mean-variance portfolio analysis, and Monte Carlo simulation.ó65
 

For the initial IRP filings under MCL 460.6t, utilities used two risk assessment methodologies to 

test utility resource plans: scenario analysis, which involves analyzing the cost of optimized plans 

under other scenarios and sensitivities; and stochastic optimization through Monte Carlo 

simulations, which involves utilizing probabilistic distributions and random samplings of variables 

to test optimized solutions. In general, utilities performed at least a scenario and sensitivity 

analysis on the required MIRPP scenarios and any additional optimized runs. Most utilities 

incorporated stochastic optimization into this assessment by using a Monte Carlo simulation to 

provide random samplings of select variables of interest. 

Use of stochastic analyses allows for otherwise deterministic scenarios and sensitivities to be 

evaluated against not only the futures specified in each scenario and sensitivity combination, but 

also against futures not specified by the utility. Use of stochastic analyses provides a more robust 

analysis and reduces the potential for user bias to influence model parameters. Staff recommends 

that the Commission requires utilities supplement the scenario and sensitivities analysis specified 

in the MIRPP by including a stochastic risk assessment for all required scenario optimized plans 

and any additional plans developed by the Company. Utilities should report the results of this 

analysis, including all underlying data, and utilize visual aids, such as box and whisker plots or 

efficient frontier plot, to help convey this information.   Examples of a box and whisker plot and an 

efficient frontier plot can be found in  Appendix B and Appendix C. Staff recognizes the potential 

benefit of using deterministic analyses to evaluate plans against select well-defined modeling 

futures. Companies should provide support  for their use of deterministic risk assessments as the 

most reasonable risk assessment methodology for each plan in which it was used. 

Components of Diversity  

As mentioned above, there are three main components that any study of diversity must consider: 

variety, balance, and disparity.66 Variety is the number of distinct categories in the system, such as 

the number of different species in an ecosystem, and is the simplest measure of diversity.67 For 

generation diversity studies, variety categories are most often either fuel or generation 

 

 

64 December 20, 2017 Commission Order, Case No. U-15896, Exhibit A. IRP Filing Requirements, p 4. 
65 Id., at p 5. 
66 Sterling, A., (2010) Multicriteria diversity analysis: A novel heuristic framework for appraising energy 
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technology.68  When categorizing by generation technology, fuel is also considered, as the 

generation technology is specific to the fuel. The categories considered can be somewhat 

subjective. For example, one study might consider distributed scale solar as a different category 

from utility scale solar while another study might simply lump them tog ether. 

Balance, the second component of diversity, is how evenly distributed the categories are. A system 

with a large variety of categories that is heavily weighted toward a single category will not be as 

diverse as a system that has the populations of those categories more evenly distributed. The 

simplest assessment of balance is the proportionality of each of the categories, which is a positive 

fraction of the categories that sum to one. 69
 

The final component of diversity is disparity, how different or distinguishable the categories are 

from one another. This requires looking at aspects and characteristics of the various categories 

and determining how far away from one another the categories are. While it may not be expressly 

quantified when looking at variety and balance, it is considered qualitatively when the different 

categories are being defined. Professional judgement is used to determine what the categories 

should be and what goes into the categories. This professional judgement is based on disparity. 

While there is some subjectivity in deciding what the categories will be, disparity when quantified 

is more subjective because decisions must be made about disparity using the intrinsic properties 

of the populations. A decision must be made about how dissimilar different categories are from 

one another based on those intrinsic properties. In addition, there may be disagreement about 

how different two categories are, or the weighting various intrinsic properties should receive. 70 

Diversity I ndices and Limitations  

Stirling, Shannon Wiener, and Simpson indices are all sensitive to threshold effects. This means 

that the elimination of a category (fuel and/or generation type) can have an outsized effect on 

the various diversity indices. This should give us pause. If we value diversity incorrectly, we may 

end up in a situation where a certain type of generation or generation fuel will persist,  even when 

it is otherwise un-economical, on its value to diversity alone. For this reason, it is unwise to pursue 

diversity for diversityõs sake. Rather, we should look at the benefits of diversity, which are largely 

a reduction of risk.71 With that being said, there still may be value to certain generation types or 

fuel sources if they hedge against specific risks, particularly if these risks are of high impact. 

 

 

68 Wu, T. Y., Varun, R. (2017). Quantifying Diversity of Electricity Generation in the U.S. Model 

Documentation and Results for ERCOT Scenarios. 
69 Sterling, A., (2010) Multicriteria diversity analysis: A novel heuristic framework for appraising energy 

portfolios.  
70 Brazilian, Morgan. And Fabian Roques, Analytical Methods for Energy Diversity and Security: A tribute to 

Shimon Awerbuch. 1st ed., Elsevier, 2008. p. 10 
71 Brazilian, Morgan. And Fabian Roques, Analytical Methods for Energy Diversity and Security: A tribute to 

Shimon Awerbuch. 1st ed., Elsevier, 2008. p. xxi 
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Another reason that it may be unwise to pursue diversity for diversities sake is that these indices 

do not directly consider other generation attributes, such as generator inertia, ramp rate, 

minimum u p time etc. They do not consider whether the population of generators in a system can 

run the system effectively or at all. Utility planning processes seek to provide solutions that allow 

the system to reliably operate in a cost-effective manner. While generation diversity can impact 

cost and reliability, it is one of many factors that must be considered. For this reason, generation 

diversity should not be considered in isolation, but should be considered as merely an aspect of 

the generation system. 

Often generation diversity is talked about in the context of resiliency.  It may be tempting to 

imagine that diversity is a direct path to resiliency. While diversity does hedge against risks, it is 

not equal to resiliency. Resiliency has aspects related to the transmission and distribution system 

that generation diversity does not consider. However, that is not to say that diversity does not 

have any effect on resiliency. It does in the reduction of risk that it provides. 

Projections of Michiganõs Generation Diversity 

As a first step in looking at quantifying Michiganõs generation diversity, Staff projected Michiganõs 

generation diversity through 2030. Staff took five - and ten-year snapshots of Michiganõs 

generation portfolio and applied the various indices. 

Staff used the net annual generation data from EIAõs form -923 as the starting point for the 

calculation of the diversity indices. Staff used the disparity coefficients present in Wu and Varun 

to calculate the Stirling index (the disparity coeffici ents from this paper are presented as Figure 

5). 

 

Figure 5 Disparity coefficients presented in Wu and Varun for selected fuels. 

For this reason, the EIA AER fuel codes had to be combined to match the fuel types considered in 

disparity coefficients. This resulted in distillate petroleum, residual petroleum and waste oil AER 

fuel codes being consolidated into the Petro category. Staff consolidated other renewables and 

wood and wood waste AER codes into the Biofuel category. Pet coke and municipal waste and 

landfill gas AER codes were consolidated into the Industrial and Municipal Waste category. The 

AER code for other  and other gases AER code were consolidated into the Other category for the 

diversity calculation. The EIA did have net generation from storage. The net generation was 
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negative and using a negative number in some of the equations produces in spurious results. For 

this reason, storage was excluded. 

Staff then calculated proportions for each of these categories and from there the indices for 

historical years. Staff used the modified Simpson index instead of the traditional Simpson index, 

as the modified version increases with increasing diversity. Staff also multiplied the Stirling index 

by a coefficient of 30 so the Stirling index would have the same order of magnitude as the other 

indices. These modifications of indices were identical to those performed by Wu and Varun.72
 

For projected years, Staff added planned units from approved IRPs and capacity demonstrations 

and removed generating units planned to be retired. Since this was assessed on an energy basis, 

the expected units were multiplied by a technology specific capacity factor that was given by the 

NREL ATB.73 While this methodology allowed Staff to project general diversity trends, a study tha t 

involved simulated dispatch of the units would likely yield more accurate results. 

The analysis shows that Michiganõs diversity will increase in the coming years under all diversity 

indices, as shown in Figure 6. 

 

 

72 Wu, T. Y., Varun, R. (2017). Quantifying Diversity of Electricity Generation in the U.S. Model 

Documentation and Results for ERCOT Scenarios. 
73 https://atb.nrel.gov/electricity/2019/summary.html , https://atb.nrel.gov/electricity/2020/index.php?t=lw , 

https://atb.nrel.gov/electricity/2020/index.php?t=su  

https://atb.nrel.gov/electricity/2019/summary.html
https://atb.nrel.gov/electricity/2020/index.php?t=lw
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Figure 6 Illustrates the Modified Simpson index, Shannon-Wiener index, and Stirling index for Michiganõs generation fleet 

on a historical and going forward basis through 2030. Each of the indices is a non-dimensional number. 

The Shannon-Wiener index consistently stays above the other indices. This is largely because this 

index places a greater emphasis on òrare speciesó, so small contributors are given relatively greater 

weight. In addition, we see that the Stirling index is very close to the modified Simpson index 

historically. As time goes on, these indices begin to diverge. This means that not only is the balance 

of the system increasing, but the resources that are being added to replace coal when it retires 

have greater disparity with the rest of the existing system than the retiring coal units. While we 

may have a trend of increasing diversity for the foreseeable future, it is not guaranteed to 

continue. As more coal generation retires, there may come a point where diversity begins to 

decrease. Should all coal generation units retire, there may be a marked decrease in diversity, as 

diversity indices are all vulnerable to threshold effects, as mentioned earlier. 

Incorporating Generation Diversity into Plan ning  

Staff from Xcel Energy provided a relevant case study. Upper Midwest customers comprise about 

half of its entire service territory, 1.8 million electric customers in five states. Northern States 

Power, a subsidiary of Xcel Energy, covers the far western tip of Michiganõs Upper Peninsula. At a 

high level, the main categories the company considers for diversity are resources, demand, and 

geography, though resource generation diversity was prioritized in this presentation. From a long -

range planning perspective, storage adds another aspect- the value of time diversity. 

One way to approach resource diversity is to look at the different types of resource categories: 

òfuel saving variable renewablesó (solar PV, solar thermal, wind, run of river hydro), òfirm low-

carbon resourcesó (geothermal, nuclear, gas or coal with CCS, biomass), òFast burstó balancing 

resources (energy storage, flexible demand through rescheduling, demand response through 
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price responsive curtailment). Planning is conducted, in accord with how Marc Keyser (MISO) 

framed it, by considering the attributes of each resource. For instance, certain resources are 

dispatchable and used year-round. Others are more intermittent; their output is not directly 

controlled by the utility and  is dependent on variables such as weather. These characteristic 

differences between resources result in different  generation profiles shown in Figure 7, 

where each variable resource has a vastly different profile. 

 

Figure 7 Generation profiles for wind, solar, baseload, and peaking resources taken from a slide of NSPõs PowerPoint 

presentation, Feb 9, 2021.74 

The value of generation diversity becomes apparent when atypical scenarios occur. For example, 

during  Polar Vortex 2019 (PV19), wind and solar resource availability dropped off significantly. 

When temperatures dropped below 22 degrees Fahrenheit, wind turbines shut down because they 

were unable to operate effectively. Throughout PV19, net load almost followed the total 

load. Over-reliance on these weather-dependent resources could have meant a generation 

shortfall during PV19, which in turn can cause Loss of Load Events (LOLE). A similar example 

occurred a few days later, on Feb 5th, 2019, when the wind stopped blowing and skies were 

overcast, with net load following total load, shown in  Figure 8. Gas, coal, and market purchases 

from RTOs (both MISO and PJM) filled in the gaps caused by the unfavorable weather. 

 

 

74https://www.michigan.gov/documents/mp sc/MPG_RDT_gif_Presentation_2.09.21_715688_7.pdf, 

Retrieved April 2, 2021, p. 26. 

https://www.michigan.gov/documents/mpsc/MPG_RDT_gif_Presentation_2.09.21_715688_7.pdf







































